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Preface 


To the Student 


Learning the concepts of chemistry without experlencing them for yourself in the laboratory 
1S akin to looking throupgh a travel brochure without ever traveling. To get the full experience, 
you”ve got to get up and see things for yourse]f. 

Consider this laboratory manual as a road map. Follow 1ts directions and you will find 
yourself driving by some of the main attractions of chemistry. On occasion, however, you 
may Íind 1t necessary to veer off the main highway to get to where you need to be. In other 
worđs, you may find that the procedures given or the equipment made available to you are 
Insufficient thus requiring you to innovate. This 1s okay, and actually desirable, so long as 
you đo so under the careful guidance of your Instructor. 

The wise traveler plans his or her trip before departing. You°ll be doing yourself and 
the rest of your class a big favor, therefore, by taking the time to look over an assigned activ- 
1ty before coming to lab. 

Also, you aren”t traveling alone. Please be sure to take advantage of this by articulat- 
¡ng your observations and thought processes with your fellow classmates and your tourguide 
Instructor. The more you talk about your experiences, the better they will “sink 1n”. 

Have a safe and pleasant Journey through this enJoyable world of chemistry! 


To the Instructor 


Thank you for selecting this laboratory manual for your liberal arts chemistry course. Our 
aim has been to provide laboratory activities that are safe, Interesting, and also of a level that 
corresponds to the companion textbook Concepfual Chemisfry. Please refer to the Concep- 
tual Chemistry Instructor s \anual for our detalled discussions about these laboratorles. Im- 
cluded you will find instructions for setting up various activities, alternate procedures, 1deas 
for adapting labs for distance learning courses, answers to the questions, and more. 

Much effort has been put forth to keep this manual as error-free and accurafe as pos- 
sible. In all likelihood, however, some errors and/or Inaccuracles w1ll have escaped our no- 
tice. Your help in forwarding to us any errors or Inaccuracles that you catch would be greatly 
appreciated. Your questions, general comments, and criticisms are also most welcome. We 
can be contacted through CCLaboratory(@aol.com. We look forward to hearing from you. 


Domna Gibson, Chabot College 
John Suchockl, Leeward Community College 
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Laboratory Safety and Common Techniques 


Part A Safety 


A blanket instruction for this entire course 1s that 


You must wear safety goggles at all times in the chemistry laboratory, from the 
moment you unlock your drawer to the moment you sign out. 


There are no mentions in individual experiments about wearing safety goggles because you 
are expected to have them on øứ a/J fimes. Repeat—at all times. That being said, here are 
some safety guidelines you should always follow. 


Laboratory Safety Rules—Self-Protection 


§ 
^ã 
Sử 
4. 


Wear safety øoggles at all times. 
Wear closed-toed shoes, not sandals. 
Tie back long haïr to prevent it from coming 1n contact with chemicals or flames. 


Report any 1nJury to your laboratory 1nstructor immediately. 


Laboratory Safety Rules—Procedures 


TÔ VU K AC 


KỆ 


Do not eat, drink, or smoke 1n the laborator y. 


Maintain a clean and orderly work space. Clean up spIlls at once or ask for assistance 1n 
doing so. 


Do not perform unauthor1zed experiments. 
Do not taste any chemicals or directly breathe any chemical vapors. 
Check all chemical labels for both name and concentration. 


Do not grasp recently heated glassware, clamps, or ring stands because they remain hot 
for quite a while. 


Discard all excess reagenfs or products In the proper waste containers. Important: Most 
chemicals cannot be poured down the sink. 


If your skin comes In contact with a chemical, rinse under cold water for at least 15 
minutes. 


Do not work with flammable solvents near an open flame. 


10. Assume any chemical is hazardous 1f you are unsure. 


Safefy Equipment in the Laboratory 


The following safety equipment should be present in your laboratory. Your instructor will 
poimt out the location and demonstrate the use of each. On the report sheet, printed at the end 
of this chapter, make a sketch of the laboratory and identify their locations. 
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l. Eyewash station 
2. Fire extinguishers 
3. FIre blankets 

4. Safety showers 

5.  Fume hoods 

6. 


Mann gas shutoff valve 


Part B_ Laboratory Glassware and Equipment 


Figure I shows most of the glassware and equipment you'll be using in the weeks ahead. 


LiỐÔtEr CC *< 


Porcelain crucIble 


Beaker Pinch clamp Screw clamp and cover Crucible tongs Pipet bulb 
=: ‹œm) «œ- 
Evaporating dish Ầ Ỉ 
Eyedropper Watch glass Erlenmeyer Florence Test tube Graduated 
flask flask cylinder 
l—= =5 Buret 
Glass stirring rod 
Test tube holder Test tube brush and rubber policeman 
I À 
Litmus paper Utility clamp Triangle 


Sử Funnel support 


Test tube rack 


Buret clamp 


dS} =——— 


Bunsen burner Volumetric flask 'Wash bottle Wire gauze Mortar and pestle Spatula 


FIGURE † 
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Part C  Common Laboratory Techniques 
1. Gravify Filtration 


Filtration is a technique commonly used to separate a solid from a liquid. The liquid can e 
either be pure (distilled water, for instance) or a solution (such as salt water). The 
solid-liquid mixture is poured throuph a filter paper that allows only the liquid to pass 
throuph its pores. The liquid that goes throuph the filter paper 1s referred to as the filtrate, 


and the solid remaining on the filter paper 1s referred to as the precIpitate. 
Figure 2 shows the correct way to fold a filter paper: 

Fold the filter paper In half. 

Fold again, but leave the top quarter a little short. 

Tear off a little corner of this short quarter and discard. 


Open up the larger quarter section to form a cone and Insert Into a funnel. 


Sốc Đố cơ 


Moisten with water and seal agaInst the funnel wall. 


One thickness 
of filter paper 


Three thicknesses 
of filter paper 


ụ Corner 4 
| 2) m torn off @ 


FIGURE2_ Steps ¡n folding a filter paper. 


Edges meet Edges do not 
exactly meet exactly 


The mixture to be filtered must be poured directly into the filter-paper cone and not 
down the side of the funnel. se a glass stirring rod as a pouring aid to direct the flow and to 
prevent splashing, as shown In Figure 3. 


FIGURE 3 Technique for pouring a liquid-solid mixture into a funnel fitted with filter paper. 
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2. Vacuum Filtration 


Vacuum filtration requires the specialized equipment shown ín Figure 4. A water aspira- 

® for or vacuum pump 1s required to create a vacuum. This type of filtration is more rapid 
than gravity filtration. ÀA water trap 1s commonly used to prevent water from backing up 
into the system as the water pressure through the aspirator changes. 


Buchner funnel 


Neoprene adapter 


Clamp 


Filter flask 
Water trap 


FGURE4_ A typical setup used in vacuum filtration. 


When performing a vacuum filtration, be sure that the rubber hoses are connected 
tightly and that the Buchner funnel fits snuply into the neoprene adapter. Before pouring 
your mixture Into the funnel, test the suction by turning on the water that wIll run through 

é the aspirator and placing the palm of your hand over the Buchner funnel to feel the 
suction. Then place a piece of filter paper flat in the funnel and wet it slightly with the 
solvent being used. After you have poured all your mixture in and filtration 1s complete, 
đisconnect the rubber hose from the filter flask before turning off the water running 
throuph the asprrator. 


34. Centfrifugafion 


A centrifuge causes the solid and liquid components ofa mixture to separate by spinning 
the mixture at a very hiph speed. Whenever you use a centrifuge, 1t must be balanced 
while 1t is spinning. Therefore, 1f you have only one tube to centrifuge, prepare another 
tube filled with water to the same level. Insert the two tubes on opposite sides of the cer- 
trifuge, as shown 1n Figure 5. Close the lid, and turn on the power switch. One minute of 
centrifuging at full speed 1s usually sufficlent. Do not open the lid until the rotor has 
stopped. Keep your hands away from the top of the centrifuge while 1† 1s rofating. 
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Laboratory Safety and Common Techniques 


FIGURE 5 A properly balanced centrifuge, with two tubes placed opposite each other. 


Centrifugation is often followed by decantation. In this process, the liquid above the 
solid is poured off carefully, leaving the settled solid undisturbed. This technique 1s par- 
ticularly useful ¡f the amount of solid is very small and might get “lost” on a filter paper. 


Lighting a Bunsen Burner 


A Bunsen burner is commonly used as a heat source 1n the chemistry laboratory. FIgure 6 
shows a typIcal unit. 


Barrel 


Arr vents 


Gas Inlet 
Needle valve for gas control 


FIGURE6_ A typical Bunsen burner. 


Here 1s the correct procedure for lighting a Bunsen burner: 


1. Close the gas Inlet valve completely, and then carefully open it about two com- 
plete turns. Doing this prevents the flame from being very hiph when the burner is 
first lIt. 

2.. Turn on the gas source and hold a lit match to the top of the barrel. 

3. Adjust the air vents until a double cone of flame appears. When the flame 1s 
adJjusted properly, you wIll see a đark blue cone within an outer lipht blue cone. 
Thịs 1s shown 1n Fligure 7. 
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h Light bl t 
Hottest region 1eht blue oufer cone 


Dark blue inner cone 


FIGURE Z7 A properly adJusted flame on a Bunsen burner. 


Heating with a Bunsen Burner 


FIigure 8 shows for the proper way to heat substances either ¡n a test tube or in a beaker or 
flask. Note that the test tube should be no more than half full. Move the flame around the 
whole bottom half of the test tube, rather than focusing on just one spot. se wrist action 
to keep the contenfts In a state of gentle agitation. Be sure the mouth of the tube 1s not 
pointed at anybody, including yourself. 

'You may often use a Bunsen burner to heat a beaker of liquid sitting on a ring clamp 
attached to a ring stand. AdJust the height of the ring clamp so that the tip of the Inner 
cone of the flame ¡s Just touching the wire gauze holding the beaker as shown in FIgure 8. 


Tube moved „4 

and forth s4 

in flame “⁄£ “4. _ 
BÍ = 

cm Tp Of Inner cone of flame 

Just touching Wire øauze 


FIGURE8_ Proper heating technique using a Bunsen burner. 


Using an Electronic Balance 


A typical electronic balance 1s shown 1n Figure 9. These devices are very expensive and 
should be used only after your instructor has demonstrated the correct way to use the 
particular model in your laboratory. 
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FIGURE9_ An electronic balance. 


Here are some common practices when using an electromic balance: 


I. _Never place any chemical directly on the balance. Chemicals should be placed 
either on a piece of weigh paper or in a weigh boat. 


2. Be sure the balance reads zero before you place anything on the weigh pan. If the 
reading Is not zero, push the tare button to re-zero the balance. 


3. se the tare button to automatically subtract the mass of the weigh paper or boat. 
With the balance reading zero, place the empty paper or boat on the welgh pan. 
Push the tare button, and the digital readout should return to zero. Now add the 
chemical to be weighed to the paper or boat. The reading on the balance 1s the 
mass of the chemical only. Be sure to re-tare the balance when you are done. 


4. Never welgh warm or hot obJects. The air currenfs created wIll cause the balance 
to ø1ve an erroneous reading. 


Part D Separating Curds from Whey 


Now that you have learned about several laboratory techniques, the task at hand is to deter- 
mine the mass of the curds contained ¡in 100 mL of miÌk. To precIpitate the curds, pour 100 
mL of the mIÏlk assigned to you by your Insfructor into a 250-mL beaker. Then slowly stir 30 
mL of white distilled vinegar into the milk. Thịs milk may be whole milk, 2% milkfat, 1% 
milkfat, or skim milk. Make a guess as to which technique——gravity filtration, vacuum filtra- 
tion, or centrifugatlon——wIll separate the curds most effectively. Try your method and meas- 
ure the mass of the curds you collect. Make sure your sample 1s as dry as possible before 
welphing. Compare your results with those of your classmates. 


Name 
Laboratory Safety and Common Techniques Report Sheet 


Part A Safety 


Sketch of laboratory showing location of all safety equipment: 


Part D Separating Curds from Whey 


l.. Wrnite out the procedure you followed to separate the curds: 


2. Which type of milk did you work with, and what mass of curds were you able to 1solate? 
Compare your results with those of your classmates and draw a conclusion. 


Type of milk (circle one): Whole 2% milkfat 1% milkfat skim miÌlk 


Mass of curds Isolated:__ — g 


Taking Measurements 


Conceptual Chemistru Laboratoru 


Objectives 


To read a measurement scale to the correct number of significant figures 
To distinguish between accuracy and precision 

To determrne the density of a liquid 

To 1dentify an unknown liquid by determining its density 

To determine the density of a regular solid and an irregular solid 


Materials Needed 


10-mL graduated cylinder 

100-mL graduated cylinder 

50-mL beaker 

eyedropper 

balance 

metric ruler 

samples of known and unknown liquids 
samples of regular and irregular solids 


Discussion 


Much of what 1s done In the chemistry laboratory Involves taking measurements. A meas- 
urement 1s a quantitative observation that has both a numerical value and a unit. 

How well a measurement 1s taken determines both 1ts precIsion and 1ts accuracy. Pre- 
cision 1s related to the reproducIbility of the measurement. Ït 1s a comparison of several 
measured values obtained In the same way. For example, a student measures the volume of a 
liquid three times, obtaining the values 3.66 mL, 3.62 mL, and 3.64 mL. These measure- 
ments have high precIsion; there 1s only a 0.040-mL difference between the highest and low- 
est values. 

Áccuracy 1S a comparison of a measured value to the accepted, or true, value. Sup- 
pose the volume of the liquid had actually been 5.44 mL. Then the accuracy of the three 
measurements taken would be low because a difference of 1.80 mL, between the average 
measured value and the true value 1s relatively large. 

A good sclIentist 1s always trying to achieve both high precision and high accuracy In 
the laboratory. 


Measuring Length 


All measurements are estimated values. They are obtained by using a measuring device that 
1s marked with a calibrated scale. The scale contains marks and printed numeric values at 
regular intervals. There is a degree of uncertainty 1n all measured values. The degree of ur 
certainty ¡s indicated by the number of significant figures gIven In a measurement (see 
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Appendix). For example, of the two rulers shown In Figure Ì, 1s one more uncertain than the 
other? 


Copper rod 


0 | 2 3 4 5 6 ữ § 9 10 H 12 13 14 15 cm 
Copper rod 


0 l 2 ° 4 5 6 7 6 ° 10 II l) 13 14 15 cm 


FIGURE † 


In the top ruler, each graduation represents l cm. Ït is certain that the right end of the 
copper rod lies between the 12” and 13” graduations. By estimating only one digit, the read- 
¡ng can be taken as 12.5 cm. In the bottom ruler, the larger graduations again represent Ï cm, 
and again the end of the rod lies between the 12” and 13” graduations. This ruler also has 
smaller graduations, however, representing 0.1 cm, and the rod lies between the 5” and 6° 
smaller graduations. By estimating only one digit, the reading can be taken as 12.55 cm. 


Measuring Volume 


When takIing volume measurements, you wIll notice that the surface of the liquid 1s curved. 
Thịs curved surface 1s called a meniscus. You should always take your reading from eye level 
and report the position of the bø/fom of the menIscus (See Figure 2). 


Correct Incorrect Incorrect Incorrect 


FIGURE 2 


Measuring Density 


In this laboratory, you will practice taking measurements and recording them to the correct 
degree of uncertainty while determining the density of various samples. Density is defined as 
mass per unit volume and can be calculated using the equation 


6ÑNếït = mass of sample 
volume of sample 


Taking Measurements T13 
Once you determine a density experimentally, you will need to evaluate the precision 


and accuracy of your results. We shall use a calculation called percenf range tO eXpress pr€- 
L2) cision and a calculation called percenf error to express accuracy. The necessary formulas are 


highest experimental value — lowest experimental value 


percent range x 100% 


average experimental value 


lÍ 


true value — average experimental value 


p©€rcent error x 100% 


true value 


Procedure 
Part A Volume Measuremenfs 


I.. Add approximately § mL of water to a 10-mL graduated cylinder. 


2. Read the water volume from the marks on the cylinder and record your reading on the 
report sheet, using the correct number of significant figures. 


3. Carefully pour this water into a 100-mL graduated cylinder. 


Read the water volume from the marks on the cylinder and record your reading on the 
report sheet, using the correct number of significant figures. 


5. Carefully pour all the water Into a 50-mL beaker. 
L2 6. Read and record the water volume, using the correct number of sigmificant figures. 


PartB_ Density of Liquids 

Known Liquid Sample 

1. Determine and record the mass of an empty 10-mL graduated cylinder. 
Add approximately Š mL ofa known liquid to the cylinder. 

Determine and record the mass of the cylinder plus the liquid. 
Calculate the mass ofthe liquid. 


TA va kia 


Read and record the liquid volume from the marks on the cylinder, using the correct 
number of significant figures. 


Empty and dry the cylinder (use the appropriate waste container). 


ha 


._ Repeat the procedure, this time using approximately 8 mL of the liquid. 
§. Repeat the procedure, this time using approximately 10 mL, of the liquid. 


Unknown Liquid Sample 


1. Empty and dry the graduated cylinder. 

2. Record the number of your unknown liquid. 

3. Repeat the above steps using the unknown liquid. 

4.. To identify your unknown liquid, compare your results to those 1n the table provided to 
® you by your Insfructor. 
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PartC_ Density of Solids 
Regular Solid 
1. Record your sample number. 


2. Determine and record the mass of your sample. (Note: sample must be either cylindrical 
Or rectangular.) 


3. lfyour sample ¡is rectangular, measure Its length, width, and height. If your sample 1s 
cylindrical, measure 1ts diameter and heipht. 


4. Using the formula ƒ= Lx Wx H for a rectangular solid or the formula ƒ = tr” x H for 
a cylindrical solid, determine the volume of your sample. 


5. Calculate the density of your sample. 


Irregular Solid 

Record your sample number. 

Determine and record the mass of your sample. 

Add approximately 50 mL of water to a 100-mL graduated cylnder. 
Read and record the water volume. 

Carefully place your sample 1n the cylinder. 

Read and record the new water volume. 


Calculate the volume of your sample. 


=2... .... 13 


Calculate the density of your sample. 


Name 


Taking Measurements Report Sheet 


Part AA Volume Measuremenfs 


1. Volume of water in 10-mL graduated cylinder 


2. Volume of water in 100-mL graduated cylinder 


3. Volume of water in 50-mL beaker 


PartB_ Density of Liquids 
Known Liquid Sample 


Show calculations ƒor all items marked with an asferisk (*). 


l1. Identity ofknown sample 


2. _ True value of density ofknown sample 


Trai I 
3. Mass ofempty I0-mL g 
graduated cylinder 
4. Mass ofcylinder plus liquid Ø 
5. _ Mass ofliquid bú 
6. Volume of liquid mL 
7. Density ofliquid* g/mL 


§. _ Average density of liquid* 


9. Percentrange* 


10. Percent error* 


Trial 2 


g/mL 


% 


% 


¬: 
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Unknown Liquid Sample 


Show calculations ƒor all items marked with an asterisk (*). 
1. Number ofunknown 


Trai 1 Tra 2 Trial 3 
2. Mass ofempty 10-mL ¬....... "=.... —=. 
graduated cylinder 
3. Mass ofcylinder plus liquid g Hà 
4. Mass ofliquid L4 ~- ...1. “=—=-.-.. 
5.. Volume ofliquid mL, `... _... =—... 
6. Density ofliquid* g/mL gømL  __— gmL 
7... Average density of liquid* ø/mL 
§. Percent range* % 


9, Identity ofunknown (from Table l) 


10. Percent error* 


PartC_ Density of Solids 
Regular Solid 


show calculations ƒor all items marked with an asterisk (*). 


l. Sample number 


2. Mass ofsample J—_.. 
3. Sample dimensions 
Rectangular length cm width - cm height cm 
Cylindrcal diameter cm radius cn  height cm 
4.. Volume of Sample* (Nofe: 1 cm? = 1mL,) cm” = mL 


5. Density of sample* ø/mL 


Taking Measuremens T7 


Name 


Irregular Solid 


Show calculations for all items marked with an asterisk (*). 


l. Sample number 


2. Mass ofsample g 

3. Imitial water volume mL 
4. Final water volume mL 
5. Volume ofsample* mL 
6. Density ofsample* ___ ØmL 
Questions 


l.. Which type of glassware—thel0-mL graduated cylinder, the 100-mL graduated cylinder, 
or the beaker——has the least amount of uncertainty? Explain. 


2. Explain why a highly precise measurement does not always mean a highÌy accurate one. 


3. Why is the density ofa substance Independent of sample s1ze? 


4. Identify at least two possible sources of error in the procedure used to determine the 
density of your unknown liquid. 
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Conceptual Chemistru Laboratoru 
Objectives 


® To identify varlous physical and chemical properties of mafter 
®© To distinguish between chemical changes and physical changes 


Materials Needed 


Equipment Chemicals 
e_ thermometer with cork holder e®  various elements and compounds 
e® ring stand with two clamps e  methanol 
e hotplate e iodine crystals 
e  250-mL and 500-mL beakers ® SUCTOS€ CrySfals 
e®  large test tube ® accfone 
®  boiling chips e  steel wool 
e  ølass stirring rod ®_ cupric sulfate pentahydrate crystals 
e well-plates e_ 10% sodium carbonate solution 
® CYy€droppers e_ 10% sodium sulfate solution 
e  microspatula e®e 6MHCI 
e cvaporating dishes e_ 10% sodium chloride solution 
® IC© e 10% calcium chloride solution 
e  medium test tube with ground-glass ® luminol crystals 
StOpper e  perborafe crystals 
Discussion 


Chem!stry 1s the study of matter. It 1s very common for a chemist to need to descrIbe a bịt of 
matter as thoroughly as possible. In doing so, the chemist would certainly list physical prop- 
erties. Many physical properties can be observed using our senses; color, crystal shape, and 
phase at room temperature are some examples. Other physical properties Involve quantitative 
observations and so must be measured; density, specific heat capacIty, and boiling point are 
three examples. A hysical change 1s any change In a substance that does not Involve a 
change ¡n 1ts chemical composition. During a physical change, no new chemical bonds are 
formed, and so the chemical composition remains the same. Examples of physical change are 
boïling, freezing, expanding, and dissolving. 

Matter can also be characterized by 1ts chemical properties. The chemical properties 
of a substance include all the chemical changes possible for that substance. A chemical 
change 1s one in which the substance 1s transformed to a new substance. That 1s, there 1s a 
change in the chemical composition of the substance. During a chemical change, the atoms 
are pulled apart from one another, rearranged, and put back In a new arrangement. Examples 
of chemical change are burning, rus ting, fermenting, and decomposing. 
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Physical and Chemical Properties and Changes 


In this experiment, you will ñrst identify and record various physical properties of 


substances, using both qualitative and quantitative observations. In the second part, you will 
look at changes in matter and determine if they are physical or chemical. 


Procedure 


Part A_ Physical Properties 


J§ 


3a. 


3b. 


Examine the various substances provided by your Instructor and record your observaflons 
in Table 1 of the report sheet (Note: some substances may be toxic. As a precaution, do 
not open any containers w1thout the permission of your 1nstructor.) 


Assemble the apparatus shown In Figure I. Add about 300 mL of water to the 500-mL 
beaker and about 3 mL of methanol, CH;OH, to the test tube. Do not forget to add the 
boiling chips to the test tube. Turn on the hot plate to medium. se a stirring rod to stir 
the water while it is being heated, and pay close attention to the thermometer readings. 
Note that as the methanol boils, 1s temperature remains constant. Record the boiling 
pOInt. 


Ring stand 


Clamp for cork holding thermometer 


—— Clamp for test tube 


Large test tube — 


Boiling chịps 


500-mL beaker 


Hot plate - 


FIGURE T1 


Place a small crystal of iodine in a well of one well-plate and a small crystal of suerose in 
a well of a second well-plate. se an eyedropper to fill each well with distilled water and 
stir gently with a microspatula. Record whether each substance is completely soluble, 
partially soluble, or Insoluble. Rinse the Iodine into a designated waste container and the 
sucrose Into the sink. 


Repeat the procedure using acetone as the solvent. You may need to rinse the iodine into 
another designated waste container (ask your Instructor). The sucrose can be rinsed into 
the sink with water. 
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Part B_ Physical and Chemical Changes 


Complete Table 2 of the report sheet for each of the following systems. 


lý 


Inspect a smalÏ piece of steel wool. Place 1t in an evaporating dish, and heat on a hot plate 
set to high. Allow the system to cool to room temperature. Observe and record any 
changes In the steel wool. 


[nspect some cuprIc sulfate pentahydrate crystals, CuSO„-5H;O. Place a few crystals In 
an evaporating dish, and heat on a hot plate set to medium. Observe and record any 
changes In the salt. After the system has cooled to room temperature, add a few drops of 
water to the crystals. Observe and record any changes. 


Place a few drops ofa 10% sodium carbonate solution, Na;CO:, in one well ofa well- 
plate and a few drops ofa 10% sodium sulfate solution, Na;SO,, In a second well of the 
same well-plate. Add 2 or 3 drops of6 M⁄ hydrochloric acid to each well. Observe and 
record any changes. 


Place a few drops ofa 10% sodium chloride solution, NaC], in one well ofa well-plate 
and a few drops ofa 10% calcium chloride solution, CaC];, Into a second well of the 
same well-plate. Add several drops ofa 10% sodium carbonate solution to each well. 
Observe and record any changes. 


Inspect some 1odine crystals, I;. Place a few of the crystals in a dry 250-mL beaker and 
cover with an evaporating dish that contains Ice, as shown 1n Figure 2. In a fume hood, 
place the beaker on a hot plate set to medium. Observe and record any changes. 


FIlII a medium test tube that can be stoppered about halfway with distilled water. Dsing a 
microspatula, add one scoop of luminol crystals and one scoop of perborate crystals. 
Then add one small crystal of cupric sulfate pentahydrate. Quickly stopper the test tube, 
and take It to a darkened room. Observe and record any changes. 


Evaporating dish ^ 


Hot plate 


FIGURE 2 


Name 


Physical and Chemical Properties and Changes Report Sheet 


Part A_Physical Properties 


1, CØnnjlete IaDI 1. 


TABLE 1 


Phase at 
Name of Chemical | Room 


Substance Formula | Temperature | Color 


2. Boiling point ofmethanol 
3. Solubility 


lodine in water 


lodine in acetone 


Sucrose In Wwater 


Sucrose 1n acetone 


Other 
Physical 
Properties 
Observed 


Element or 
Compound? 
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24 — Physical and Chemical Properties and Changes 
Part B_ Physical and Chemical Changes 


l1. Complete Table 2. 3 


Physical 
Change or 
Chemical 
Observafion Ợ 
l. steel wool + heat 


a0 1159/5119 heäat 
20.5), 1 H2) 
".- —— 


3b. Na,SO, + HCI 


TABLE2 


Procedure Evidence or Reasoning 


4b. CaC]; +Na,CO; 


3i theait 


6. Luminol + 
perborate + CuSO, 
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# Name 


Questions 


1. Distinguish between a qualitative observation and a quantitative one. Give an example of 
each from this experiment. 


2. Classify the following properties of sodium metal as physical or chemical: 
a.  silver metallic color 
b. turns gray In air 
c. melts at 9§°C 
d. reacts explosively with chlorine 
® 3. Classify the following changes as physical or chemical: 
a. _ steam condenses to liquid water on a cool surface 
b.. baking soda dissolves 1n vinegar, producing bubbles 
c. mothballs gradually disappear at room temperature 


d. baking soda loses mass as 1f 1s heated 


4 Percent Water in Popcorn 


Conceptual Chemistru Laboratoru 


Objectives 
e To work with the concept of percent 
e© To take mass measurements using a balance 
e  Touse a Bunsen burner 
© 


To determine the mass percent of water in popcorn 


Materials Needed 


popcorn kernels (varIous brands) 
ring stand with ring clamp 
250-mL beaker 

evaporating dish 

watch glass 

Bunsen burner 

balance 

WIr€ Øauz€ 


Discussion 


Popcorn kernels are corn seeds consisting of a varlety of edible compounds, mostly starch 
encased In a hard shell. Also encased In the shell 1s a small amount of liquid water. When 
heated, this liquid water changes to water vapor that expands and creates pressure 1nside the 
kernel. This pressure builds to the point where the hard shell explodes. As the water vapor 
rapidly escapes, 1t causes the starchy material to fluff up, and the popcorn has “popped.” 

In this experiment, you will determine what percentage of the total mass ofa sample 
of popcorn kernels 1s water. You wI1ll do this by measuring the masses of the kernels before 
and after they have been cooked. The amount of water lost 1s assumed to be about equal to 
the amount of water originally contained in the kernels, a quantity that you wIll calculate and 
report in terms of mass percent. 


Mass Percenf 


Like any other kind of percent, mass percent is a way of identifying how much of some part 
there is in a whole. Always based on a scale of 100, the general formula for any percent is 


part 
hole 


x 100% 


percent = 


For example, ¡f 35 people have brown eyes in a group of 70 people, the percent of people 
having brown eye€s 1s 
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35 | 
percent with brown eyes = =— x 100% = 50% 
70 people 


The mass percent (or percent by mass) oŸa given component contained in a sample 1s 
100% multiplied by the ratio of the mass of that component to the mass of the entire sample. 
To determine the mass percent of water in popcorn kernels, you divide the mass of the water 
by the total mass of the kernels and then multiply the quotient by 100%: 


: mass of water in kernels 
mass Dercent of water in kernels “= ———nn======== % 10076 
total mass of kernels 


In this experiment, it does not matter !f your sample contains one or more “duds” 
(kernels that do not pop). Duds are usually kernels that were cracked during processing or 
shipping. When these kernels are heated, the water vapor escapes slowly through the cracks 
so that the pressure inside is never strong enough to explode the shells. The duds still lose 
almost all their water, however, and so they should not be discounted when you do your cal- 
culations. 


Procedure 


I. _Setup the apparatus as shown ¡in Figure ]. Note that you are basically making your own 
hot-air popper. The Bunsen burner provides the heat (a hot plate can be used Instead), the 
beaker holds the arr that will be heated and ultimately pop the popcorn, the evaporating 
đish holds the kernels, and the watch glass acts as a l¡d. 


2. Using a balance as described by your Instructor, determine the mass of the empty 
evaporating dish and record the mass on your report sheet. 


3. Add about ten kernels to the evaporating đish and then determine and record the 
combined mass of the dish plus kernels. 


4. Place the evaporating dish on the beaker and cover the dish with a watch glass. 


5.. Turn on the Bunsen burner using the procedure, given In laboratory 1, Laboratory Safety 
and Common Techniques 


6... Adjust the height of your ring stand so that the tip of the inner cone is touching the wire 
gauze holding the beaker. 


7. Heat the kernels until they pop. If all the kernels do not pop, continue heating until the 
popped corn start to turn brown, but avoid charring your sample. 


§.. After the popping 1s done, turn off the gas. 


9. Allow the system to cool to room temperature. Warning: ¡t stays hot for a few minutes, 
and so do not burn yourself by being impatient. Also, 1Ÿ you place a hot sample on a 
sensitive balance, convection currents in the air will throw off the balance, giving you 
inaccurate readings. 


Percent Water in Popcorn 


10. Determine and record the mass of the evaporating dish containing your popped corn 
(plus any duds). 


Watch glass 
Evaporating dish 
Ring stand 


250-mL beaker 
Ring clamp 


3Ð S#we—— Wire gauze 


FIGURE † 
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Name 


Percent Water in Popcorn Report Sheet 


Data 


Show calculations ƒor all items marked with an asterisk (*). 


1. Brand ofpopcorn used 

2. Mass ofempty evaporating dish 

3. Mass of evaporating dish plus kernels before heating 

4. Mass of kernels before heating* 

5. Mass ofevaporating dish and popped corn (plus any duds) 
6. Mass of popped com (plus any duds) 

7. Mass of water driven from the kernels* 

§.. Mass percent of water 1n the popcorn kernels* 

Questions 

1. What percentage of duds did your sample contain? 


% 
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Percent Water in Popcorn 


How might you modify this experiment to find out whether the presence of duds dịd or 
đid not make a difference 1n your calculation? 


Why 1s it a good idea to store popcorn kernelÌs in the refrigerator? 


As hot popped popcorn cools, 1t absorbs moisture from the air and thus gains mass. 
Knowing this, would you say that the mass percent value you Just calculated is higher 
than the true value or lower than the true value? 


5b Salt and Sand 


Conceptual Chemistru LaboratorU 


Objectives 


e To develop a laboratory procedure for separating the components 
in a mixture of salt and sand 

e To carry out the separation 

e _ To calculate the mass percent of salt and of sand in the mixture 
To calculate the percent error in your results 


Materials Needed 


e®  varlous salt-sand mixtures 
® _ varlous pleces of laboratory equipment, depending on the procedure you develop 


Discussion 


Materials can be classified as beIng either pure substances or mixtures. Most of the materlals 
we encounter in our daily lives are mixtures. A mixture 1s a material that can be separated 
info two or more pure substances by physical processes. 

In this experiment, you wIll use the properties of the components of a mixture of salt 
and sand to effectively separate the components from each other. Remember that physical 
properties describe physical attributes of a substance. They include color, density, solubility, 
and phase. During a physical change, one or more of the physical attributes transforms, but 
the chemical Identity of the substance does not change. Chemical properties characterize the 
ability of a substance to transform to a different substance. During a chemical change, the 
1dentity of the original substance changes and a new substance 1s formed. You must think of 
the physIcal and chemical properties of salt and of sand and come up with a procedure that 
allows you to separate these two materials. 

You will also be required to determine the mass percent of saÌt in your mixture as 
well as the mass percent of sand. The mass percent of water In popcorn was determined ¡n an 
earlier experiment. (In performing that experiment, you also separated components of a 
mixture. Can you identify how so?) For this salt-sand experiment, the formulas are 


mass Of salt 
THISS [IEUGETILIOIIBHIL = ST ---c. Ý l5 
mass of entire sample 


mass of sand 
H455 [efcenlolLsandg = ——— .. Xx U00 
mass of entire sample 
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Because the mixture contains only two components, the total of the two percentages should 


be 100%. 
In developing your procedure, keep in mind that you have to end up with the salt and 
the sand in separate containers so that you can measure the mass of each component. 


Procedure 


I.._ Develop a procedure for separating and recovering the salt and sand from a mixture of 
the two. 


2. Have your procedure approved by your 1nstructor (safety concerns and necessary 
equipment should be checked). 


3. Write your procedure In the space provided on the report sheet. 


4. In the space provided on the report sheet, construct a data table that correlates to your 
procedure. 


5. ObtaIn a sand-salt mixture from your Instructor, record 1ts number on the report sheet, 
and then carry out your procedure on this mixture, recording all data in the table you 
designed. (Note: Consider using only half of your sample to run the procedure, just in 
case you have to repeat the separation for any reason.) 


Name 


Salt and Sand Report Sheet 


Show calculations ƒor all items marked with an asterisk (*). 


{.. Mixture number: 


2. Wrnite out your approved procedurc: 


3. Construct your data table: 
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4. Sand mass percent* ?% 


5. Salt mass percent* % 


6. Obtain the true values for the mass percents from your instructor: 


true mass percent sand % true mass percent salt 


7. Calculate the percent error for your calculated mass percent values: 


true mass percent — experImental mass percent 
percent error = E--...- nnN....Ỷˆ....... CC 100% 
true mass percent 


percent error for sand % percent error for salt % 


Questions 


1. Describe at least one Improvement you could make to your procedure to increase the 
âccuracy of your result for the mass percent of sand. 


2. Would that change also improve the accuracy-of your result for the mass percent of salt? 


3. What do you think was your most significant source of error in determining the mass 
percent of salt? 


ö Radioactivity 


Conceptual Chemistru Laboratoru 


ObjJjectives 


e To explore the effects of different shielding materials on beta and gamma radiation 
e To determine background radiation levels 
e To determine the half-life of a radioactive isotope (barium-137) 


Materials Needed 


Equipment Chemicals 
e  Geiper counter with sample holder e  HCI/NaC] solution 
e  beta and gamma radioactive sources 
e  shielding materials (plastic and lead in 
various thicknesses) 
® cesium-l37 Isogenerator set, including 
syringe and planchet 
clock with second hand 
e  rubber øgloves 


Discussion 


Natural radiation surrounds us every day. The amount of natural radiatlon a person 1s 
exposed to, known as background radiafion, varles with location and season. There 1s little 
we can do to avoid being exposed to background radiation. There are also other sources of 
radiation, such as fallout from nuclear testing and medical X rays. For health reasons, 1t 1s 
best to minimize our exposure. Ône way to limit exposure 1s to use a shield. In this 
experiment, you wI1ll test shielding materlals for their effectiveness agaInst beta and gamma 
radiation. 

In the second part of the experiment, you wIll determine the half-life of the 
radioactive Isotope barium-l37. HaJƒ#-ljƒe 1s a measure of the rate of decay and 1s defined as 
the time required for one haÌlf of a radioactive sample to decay. Each radioactive 1sotope has 
1s own characteristic half-Hfe. For example, cesium-l37 has a half-life of 30 years. This 
means that half of an original amount of '”“Cs remains after 30 years. After another 30 years, 
one-fourth of the original amount remains. The Isotope created when the cesium decays 1s 
barium-137, which has a half-life of 2.6 minutes. With such a short half-life, any sample of 
® “Ba decays quickly. 

Half-life can be determined by graphing the amount of radiation detected versus time. 
This 1s true because the amount of radiation given off by a sample 1s proportional to the 
amount of radioactive 1sotope presen!. 

A Geiger counfter records not only the radiation from the Isotope being studied, but 
also background radiation. Before plotting a graph, therefore, you must correct your data for 
background radiation. To do this, you will first record the background radiation alone, then 
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subtract it from all subsequent readings. This correction 1s especially mportant because the 
amount of radiation given off by the sample used ¡n this experiment is only slightly higher 


than background. 
To obtain a half-life from the graph, chose two points on the curve such that the y 


coordinate of one of the points is exactly twice the y coordinate of the other point. The half- 
life of the material is equal to the amount of time between these two points, read from the x 
axis. An example 1s given 1n Figure Ì. 
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FIGURET Radiation detected versus time. Readings from a Geiger counter are plotted as a function of time. 


Procedure 
Part A Shielding Materials 


l._ ARer obtaining various shielding materlals from your Instructor, fill out the first two 
columns of both tables In Part A of the report sheet. 


2. Place a beta-emitting sample in the sample holder of the Geiger counter and hold the 
Geiger tube next to the sample. 


Set the “ “Time” setting on the Geiger counter to Ï minute. 
Push the “Count” button on the counter, and record the reading on the report sheet. 


Reset the Geiger counter to zero. 


©`- ĐH. 


Place various shielding materials, one at a time, directly over the sample and then hold 
the Geiger tube agaiInst the shielding material, as shown in Figure 2. Record the 1 minute 
counter reading obtained with cach separate shielding material. Be sure to reset the 
counter with each shielding material being tested. 


7. Repeat the experiment using a gamma-emitting sample. 
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IRRB' 
Time 


LTD 


CountS @ Reset Vlage | / ĐÈ 
O Volume 


Shielding material 


Radioactive sample 


Geiger counter Sample holder and Getger tube 


FIGURE 2 


PartB_ Determination of Half-liífe 


lỆ 
Đà 


Set the “Time” setting on the Gelger counfter to l minute. 


With the sample holder empty, record the amount of radiation detected by pushing the 
“Counts” button and letting the Geiger counter run. The counter will automatically stop 
recording at the end of Ï minute. (The units will be counts per minute, cpm). 


Push the “Reset” button on the Geliger counter, and repeat step 2 twice more. Jse the 
average of the three trials as the background radiation, recording this average value in 
every line of column 3 in the table in Part B of the report sheet. 


FIll the syringe of the 1sogenerator with the HC1/NaCl solution. 


Place the planchet (small metal dish that will hold the solution containing the radioactive 
barrum-137) under the isogenerator as shown 1n Figure 3. 


SyrInge 
Isogenerafor 


ũ 
Planchet 


FIGURE 3 


Attach the syringe to the top of the 1sogenerator, and carefully apply pressure to the 
syringe plunger so that the HCI/NaC] solution In the syringe 1s forced Into the 
1SOBenerator. 


As this solution enters the top of the !sogenerator, liquid that contains your radIoactive 
sample is forced out the bottom and ¡nto the planchet. Continue pushing down on the 
syringe plunger until the planchet 1s filled. 


Wearing rubber gloves, carefully place the filled planchet inside the sample holder of the 
Geiger counter. 
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10. 


Kế 


12. 


14. 


l8 


Radioactivity 


Reset the Geiger counter to zero. When the second hand of a wall clock or watch reaches 
12, or after the start of a stopwatch, push the “Counf” button on the counter and again let 
the counter run until it shuts off after l minute. Record the counts value In column 2 of 
the “Time = I minute” line on your report sheet. 


Reset the Geiger counfter to zero while waiting for your chosen time piece to reach 3 
minuftes. At the 3 minute mark, push the “count” button on the Geiger counter to let If 
run for another l minute. Record the counts value in column 2 of the “Time = 3 
minutes” line of your report sheet. 


Continue mì this way——resetting the counter to zero, and sfarting 1t to run for Ì 
minute—either until you have taken readings at 5, 7, 9, and ]l minutes or until the 
amount ofradiation detected 1s near the background level, whichever comes first. 


Correct all radiation values 1n column 2 of the table for background radiation, and enter 
the corrected values In colummn 4. 


._ Transfer the column 4 data to the graph gIven on the report sheet, and connect the data 


poInts with a smooth curve. 


Determine the half-life of your sample from your graph, using the procedure outlined in 
FIigure l. 


Follow your instructor”s directions for emptying the planchet (wear rubber gloves when 
doing so). 


Name 


Radioactivity Report Sheet 


Part A Shielding Materials 
l.  Shielding against beta emitters 


Shielding Counter 
Material 'Thickness (cm) Reading 
MÃ —_—__ 


2. Shielding against gamma emitfters 
Shielding Counter 
Material 'Thickness (cm) Reading 
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PartB_ Determination of Halí-lie 


Show calculations ƒor all items marked with an asterisk (*). 


l..Backpround readIngs 


Trial 1 cpm Trial 2 cpm Trial 3 cpm 


Average _ _ cpm 


2._ Radiation detected 


Corrected Amount of 
Radiation from 


*Corrected amount of radiation = amount of radiation — average background radiation. 
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Name 


b 3. Graph corrected amount of radiation versus time. 


Corrected amount of radiation (counts per minute) 


Time (minutes) 


4. Half-life of sample* minuftes 


5.. Obtain the true value of the half-]ife from your Instructor, and calculate the percent error 
for your results.* 
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Questions 


I. In Part A, which shielding material was most effective for beta radiation? For gamma 
radiation? 


2. Alpha radiation does not penetrate øglass. So, why wasn't an alpha emitter used In Part A? 


3. Why does your dentist lay a large lead apron across your torso when your teeth are being 
x-rayed? 


4. Would this method for determining half-life work for an isotope that has a half-life of 4.2 
years? Explain your answer. 


7 Bripht Liphts 


Conceptual Chemistru Laboratoru 


Objectives 


e To examine the light emitted by various elements when heated 
se - To identify the positive 1on in an unknown metal salt by examining the light emitted 
by the heated salt 


Materials Needed 


EquIipment Chemicals 

se  Bunsen burner se  0.1M/HCIsoluton 

e  heatproofglove or potholder e _ lithium chloride powder 

e  mefal spatulas e_ sodium chloride powder 

e  diffraction pratings e®  potassium chloride powder 

® spectroscope (commercial orhomemade) s®  calcium chloride powder 

e_ ring stand with clamp large enough toft  s®  strontium chloride powder 
around spectroscope barrel e®  barium chloride powder 

e  colored pencils e_ cupric chloride powder 

e©  discharge tubes confaining varIous øØases 

Discussion 


When materials are heated, their elements emit light. The color of the light 1s characteristic of 
the type of elements in the heated material. Lithium, for example, emits red light and copper 
emits øreen light. An element emits light when 1s electrons make a transition from a higher 
energy level to a lower energy level. Every element has Its own characterIstic pattern of 
energy levels and therefore emits 1s own characteristic pattern of light Írequencles (colors) 
when heated. 

Ít is Interesting to look at the light emitted by elements through either a diffraction 
grating or a prism. Rather than producing a continuous spectrum of colors, the elements 
produce a spectrum that 1s discontinuous, showing only particular colors (frequencies). When 
the emitted lipht passes first through a thin slit, and then through the grating or prism, the 
different colors appear as a series of vertical lines, as shown In Figure 1. Each vertical line 
corresponds to a particular energy transition for an electron in an atom of the heated element. 
The pattern of lines, referred to as an enission spectrum, 1s characteristic of the element and 
1s offen used as an identifying feature—much like a fingerprint. Astronomers, Íor Instance, 
can tell the elemental composifion of stars by examining theIr em1Ission spectra. 
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4b 


Bright Lights 


FIGURE 1 When heated, an ionized or gaseous element produces a discontinuous emission spectrum. 


Procedure 
Part A Flame Tests 


lệ 


Using either a heatproof glove or a potholder, hold the tip ofa metal spatula in a Bunsen 
burner flame until the spatula tip 1s red hot and then dịp 1t in a 0.1 3⁄4 HCI solution. 
Repeat this cleaning process several times until you no longer see color coming from the 
metal when 1t 1s heated. 


Obtain small amounts of the metal salts to be tested, and label each sample. Dịp the 
spatula tip first into the HCI solution and then Iinto one of the salts, so that the tip 
becomes coated with the powder. Then put the tip into the flame and observe the color. 
Record your observations on the report sheet. 


Rinse the spatula in water, and then clean as described In step 1. 


Repeat this procedure for all the salts, being sure to clean the spatula each time. 


PartB Flame Tests Using a Spectroscope 


lệ 


se the same procedure as In Part A, this time observing the flame through a 
Spectroscope mounfed on a ring stand. You can use either a commercial unit or a 
homemade one like the one shown 1n Fligure 2. 


On your report sheet, sketch the predominant lines you observe for each salt, using 
colored pencils. You will see lines both to the left and to the right of the slit. Sketch only 
the lines to the right. (Note: some salts will also show reglons of continuous color.) 


Obtain an unknown metal salt from your Instructor and record i1ts number. 
Observe and sketch the line spectrum for your unknown, using colored pencils. 


Identify your unknown based on 1†s spectrum. 
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Cardboard tube 


Aluminum foil with sÌit 


FIGURE2_ A homemade spectroscope. 


PartC_ Gas Discharge Tubes 


1. Observe through a diffraction grating the lipht emitted from varlous gas discharge tubes. 
(You need not pass the light through a sÌit because the discharge tubes themselves are 
narrow.) 


2. Using colored pencls, sketch the line spectra for all samples available, especially 
hydrogen, oxygen, and water vapor. 


Name 


Bright Lights Report Sheet 


Part A Flame Test 


le | | — 


Part B_Flame Tests Using a Spectroscope 


Unknown number 


Sketch of line spectrum 


Vi (ý Y () R 


Sketch of line spectrum 


=__ 


CaCỊ, 


À AE li ; SẾ 6P 201 07c 


Unknown 


Number 


\)'4 2:05 GIÁ #6... 


Identity of unknown 
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PartC Discharge Tubes 


Sketch of line spectrun 


VI B 0G T EU Ổ 


Sketch of line spectrum 


NI: HBG Y ÓO R 
Sketch of line spectrum 


Ñu.|02/001))012,.4)) TẠY 


Sketch of line spectrum 


Questions 


Sketch of line spectrum 


VIB GA ...A 


Sketch of line spectrum 


\XV.L]ÍŨ BỐG Y O k 


Sketch of line spectrun 


VÁC l8 cà 5. 


Sketch of line spectrum 


“.ÌÍBG Y Oðák 


l.  When the spatula was Initially being cleaned ¡n the flame, It may have gIven off yellow 
light. If this happened, what residue was probably on the spatula before it was cleaned? 


2. What produces the colors of fireworks? 


3. Is the gas in a blue “neon lamp” actually neon? Explain 


4. Does the line spectrum of water vapor bear any resemblance to the line spectra of hydro- 
gen and oxygen? Why or why not? 


ö EHlectron-Dot Structures 


Conceptual Chemistru Laboratoru 


Objective 


e To practice writing plausible electron-dot structures for simple molecules 


Materials Needed 
e® _ periodic table 


Discussion 


To help predict how atoms bond together, you can use the oc/e rule, which states that atoms 
form chemical bonds so as to have a filled outermost occupied shell. Looking at a periodic 
table, we see that the noble gases already have filled outermost occupied shells, which ex- 
plains why they tend not to form chemical bonds. Notice that all the noble gases except he- 
lium have eighf outermost electrons; hence the name octet rule. 

The octet rule can be used to build an ammonia molecule, NH;. Knowing that nitro- 
gen has five valence electrons and hydrogen one, you can satisfy the octet rule with the 
electron-dot structure 


H?ÊN?H (eight electrons surrounding N, 
.. two electrons surrounding H) 
H 


In this structure, the nitrogen has eight valence electrons so that 1ts outermost occupied shell, 
which has a capactty for eight electrons, 1s filled. Each hydrogen has two valence electrons 
so that 1†s outermost occupIed shell, which has a capacity for two electrons, 1s also filled. 

sing the octet rule, you wIll learn to draw electron-dot structures of simple covalent 
compounds gIven theIr chemical formulas. (This activifty focuses on bonding 1n simnple co- 
valent molecules that obey the octet rule. There are many molecules that do not follow this 
rule, but they are not Introduced In this laboratory.) 

To consfruct a plausible electron-dot structure for a molecule, 


1. Determine the total number of valence electrons avaIlable from the chemical formula by 
adding up the valence electrons of all atoms in the molecule. 


2. Write the chemical symbols for all atoms in the molecule, arranging the symbols as you 
think they might appear 1n the molecule. Many molecules contain a central atom. If there 
are many elements present, place them ¡in the order in which they are written 1n the 
formula. 


3. Place single bonds between all pairs of atoms, remembering that each bond represents 
fwo electrons, one from each atom. 
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Electron-IDot Structures 


4. Add the appropriate number of electrons around each atom so that the atom obeys the 
octet rule (eight electrons around all atoms other than hydrogen, two around hydrogen). 

5.. Count the number of electrons used In your structure. Ifthe number 1s equal to the sum 
you calculated in step 1, your structure ¡s plausible and you are done. If the number of 
electrons used ¡s greater than the sum you calculated In step 1, try putting in multiple 
bonds (try double first, then triple) until all atoms obey the octet rule and the number of 
electrons used matches the number calculated mm step 1. 

6. Ifthe number of electrons used 1s less than the sum you calculated In step 2, you probably 
made an error In your count 1n step I and so should recalculate. 

Examples 

To show these steps 1n action, here are examples using carbon tetrabromide and carbon morr- 

oxide. 

1. Total number of valence electrons available: 


carbon tetrabromide CBr, Carbon monoxide, (CO) 

1 C atom (4 valence electrons each) lx4= 4 1 C atom (4 valence electrons) 

4 Br atoms (7 valence electrons each) 4x7 = 28 1 O atom (6 valence electrons) 
Total 32 Total 


Arrangement of symbols for all atoms (locate central atom if applicable): 


Single bonds between all pairs of atoms: 


Br 


Br 6. li c0) 
Br 


A dd remaining electrons to complete octets: 


s ĐF¿ 
“... :C:O: 


| 
—— 
c=l + 


lx4 
lx6= 


5. Count the number of electrons used: 


The above structure uses 32 electrons, 
which 1s equal to the number calculated in 
step l. The structure 1s complete. 
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The above structure uses 14 electrons, more 
than the total number calculated in step 1. A 
multiple bond must be present. With a double 
bond, the structure would be 


D94 M0) 

Still there 1s a problem because the structure 
uses 12 electrons. A triple bond must be 
present: 


.Ế Os 


Finally, the structure obeys the octet rule and 
uses the total number of valence electrons 
available. The structure 1s complete. 


Many chemnsts prefer to use a line to represent a bonded pair of electrons rather than 
dots. With this line notation, these two molecules are represented as 


s E2 
.° | .° 
sBr—C—Bre 


si, 


Name 


Electron-Dot Structures Report Sheet 


Complete the following table. 


Chemical 
Formula 


Tofal Number of 
Valence Electrons 


HCI 


Plausible Electron-Dot Structure 


PH 


HOCI] 
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56 Electron-Dot Structures 


Chemical | Total Number of 


IFormula | Valence Electrons =.. Electron-Dot Structure 


HCN 


CO 
2 


ĐC] 
3 


CH,CI, 


H,O, 


Ó Molecular Shapes 


Conceptual Chemistru Laboratoru 


Objectives 
se. To become familiar with the three-dimensional shapes of molecules 
e To build molecular models from Information given 1n electron-dot structures 
e To draw electron-dot structures from information given in molecular models 
e To predict the polarity ofa molecule from its molecular shape 


Materials Needed 


e  molecular model kit 
®  built models of six different molecules 


Discussion 


Ít 1s extremely useful for a chemist to know the three-dimensional shape of the molecules of 
a gIven compound. For some compounds (those containing two or more polar bonds), a 
knowledge of molecular shape 1s necessary when predicting polarity. One can 1llustrate the 
relationship between molecular shape and polarify using water as an example. The O-H bond 
1S polar because of the difference 1n the electronegativities of the two elements. A water 
molecule contains two O-H bonds. Ifa water molecule were linear, as shown 1n Figure l, the 
two polar bonds would be equal in magnitude but opposite In direction. Their effects would 
cancel, and as a result the water molecule as a whole would be nonpolar. Water molecules 
have, however, a bent shape as shown In FIgure 2. In such a structure, the two polar bonds do 
not cancel because they do not point In opposite directlons. As a result, the water molecule 1s 
polar. 


HỆ H ^_4 H 
+——> <——- IU)S 
FIGURE Í FIGURE 2 


We shall use valence shel] electron-pair repulsion theory (VSEPR) as our guide In pre- 
dicting molecular shapes. The basis of this theory 1s that pairs of electrons surrounding an 
atom try to get as far away from one another as possible to lessen electrostatic repulsion. In 
order to apply this theory, we must know how many paIrs of electrons are around cach atom 
in a molecule. It 1s therefore necessary to begin with the electron-dot structure for the mole- 
CC: 
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Table I shows possible molecular shapes derived from VSEPR theory. Note how the 
electron pairs are placed as far apart as possible, whether the palr 1s a bonding palr or a norm- 
bonding pair. Molecular geometfry depends on the total number of substituents about the cerr- 
tral atom. A s⁄s/i„enf 1s defined as any atom or any nonbonding palr of electrons. Notice 
that although the total number of electrons around the central atom 1s always eight (four 
pairs), the number of substituents can be less than four. 

Remember that according to the VSEPR model, pairs of valence electrons strive to get 
as far apart as possible. With a multiple bond, the palrs cannot separate from one another be- 
cause they are all being shared by the same two nuclel. For the purposes of VSEPR, therefore, 
a multiple bond 1s treated as a single bond and the noncentral atom taking part in the bond 
counts as øne subsftituent. 

Molecular shape depends on the placement of a/om subsfifuenfs only; nonbonding 
pAIrs are zø/ considered when you are determining molecular shape. When there are no nom- 
bonding palrs of electrons about a central atom, the molecular shape 1s Identical to the 
molecular geometry. Ít is only when nonbonding pairs are present that a molecule”s shape 
differs from 1ts geometry. 


Procedure 

Part A_From Electron-Dot Structure to Model 

Using the molecular model kit provided by your instructor, build a model of each molecule 
shown In Table 2 of the report sheet. Then sketch your molecules in the appropriate spaces in 


Table 2, using the bond notation (—›------ ;—) used In column Š of Table 1. Then complete 
columns 3 and 4 of Table 2. 


PartB From Model to Electron-Dot Structure 


se the three-dimensional models provided by your instructor to complete Table 3 of the 
report sheet. 


TABLE 1 


Molecular Shapes 


General Number of 
Lewis Number of Nonbonding Molecular 
Strucfture Substfituents Geometry 


Molecular 
Shape 


` 
Tetrahedral 
c 


Triangular 
pyramidal 


59 


.. 09 


+ 
` 


Tetrahedral 


. 


Triangular planar 


.`. 20” 


Triangular planar 


Linear 


Name 


Molecular Shapes Report Sheet 


Part A From Electron-Dot Structure to Model 


TABLE 2 


Electron-dot 
Structure 


Sketch of 
Three-Dimensional Model 


Name of Shape 


Molecule Polar 


or Nonpolar? 
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PartB From Model to Electron-Dot Structure 


TABLE 3 


Sketch of 

Three- 
Model Dimensional 
Number | Model 


Electron-Dot 
Strucfture 


Molecule 
Polar or 
Name of Shape 


Questions 


l. _Is BC]; a polar substance? Is NCI;? Explain your answers. 


2. Is SC]; a bent molecule? Is O;? Explain your answers. 


1 0 Solutions 


Conceptual Chemistru Laboratoru 


Objectives 


To create and seed a supersaturated solution 

To explore the effect of temperature, particle size, and stirring on the rate 
Of đissolving 

To make and calibrate a hydrometer 

To determine the sugar content of various beverages 


Materials Needed 


Equipment Chemicals 

e  hotplate e®  sodium acetate trihydrate crystals 
e_ ring stand and clamp e®  TroCk salt crystals 

e  400-mL beaker ® 42, 8%, 12%, 16% sugar solutions 
e  five medium test tubes ®  various soft drinks and fruit juices 
e®  glass stirring rod 

e  wooden test tube rack 

e  morfar and pestle 

e _9-Inch plastic pipet 

e  small hardware nuts for weighting down 


DIpet 
e  50-mL graduated cylinder 
e _metric ruler calibrated in millimeters 


Discussion 


A solution 1s any homogeneous mixture. The so/venf in a solution 1s the component present 
in the greatest amount, and the componenf(s) present In lesser amounts are referred to as soỉ- 
íe(S). The soiubilify of a solute in a given solvent 1s a measure of how well the solute dis- 
solves In the solvent. For most solutes, solubility 1s a function of temperature. A solution 1s 
saturated when 1t contains the maxImum amount of solute, unsaturated when 1t contains less 
than the maximum, and supersaturated when 1t contains more than the maxImum. In this ex- 
periment, you wIll look at how temperature affects solubility by preparing a supersaturated 
solution. 

The rate at which a solute dissolves depends on the amount of contact between solute 
and solvent particles. You will explore how temperature, stirring, and particle size affect so- 
lution rate by dissolving rock salt in water under a varlety of condifions. 

The concentration of a solution 1s a measure of the amount of solute in a given vol- 
ume of the solution. There are many unifs used to express concentration, including molarity 
(moles of solute per liter of solution) and percent by mass (mass of solute per 100 milliliters 
of solution). Although molarity 1s a favorIte among chemisfs, you wIll work with percent by 
mass In this experiment. 
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Most soft drinks and fruit juices are sugar solutions. The concentration of sugar in the 
beverages can be found by using a hyđrometer (Figure 1), which is a flotation device that 
measures the density of a liquid. The greater the density of the liquid, the higher the hy- 
drometer floats. For sugar solutions, the greater the sugar concentration, the greater the dem- 
sity and hence the higher the hydrometer floats. You will first prepare a calibration curve 
showing the hydrometer height versus the concenfration of various sugar solutlons. You wïll 
then use your calibration curve to determine the sugar content of some soft drinks and fruit 
Julces. 


Hydrometer stem height 
above liquid surface 


Nut 


Plastic pipet 


FIGURET1 A simple hydrometer. 


Procedure 
Part A_Creating and Seeding a Supersaturated Solution 
l. Place the hot plate on the base of the ring stand as shown In Figure 2. 


2. FIl the 400-mL beaker about two-thirds full with water and place it on the hot plate set 
to medium. 


Bring the water to a boil. (Ýou may need to raise the heat setting to get the water to boil.) 


4. Add sodium acetate trihydrate crystals to one of the test tubes until the tube 1s about one- 
quarter full. 


5. Add enough water to Just cover the crystals. 


6... Using the clamp of the ring stand, suspend the test tube in the boiling water bath as 
shown 1n Figure 2. 


7. Use the glass stirring rod to stir the contents of the test tube until all the crystals are 
đissolved. 


§... Raise the clamp so that the test tube is out of the water bath. 
9. Turn offthe hot plate. 
10. Let the solution im the test tube cool undisturbed to room temperature. 


II. Add a small crystal of sodium acetate trihydrate to the test tube, and record what 
happens. 


Solutons 65 


Sodium acetate trihydrate 


Hot plate 


FIGURE 2 Setup for dissolving sodium acetate trihydrate. 


Part B_ Effect of Temperature, Stirring, and Particle Size on Solution Rate 


l 


Number four test tubes 1, 2, 3, and 4 and place them ¡n the test tube rack. Fill each about 
one-half full with water. 


Obtain four pea-sized crystals of rock salt, and grind one of them to a fine powder ¡n the 
mortar. 


To tube 1, add a single crystal of rock salt and record the amount of time It takes for the 
crystal to dissolve. Do not shake or stir the solution. 


Reheat the water bath used In Part A to boiling, adding water to the beaker 1f necessary. 


Place tubes 2, 3, and 4 In the boiling water bath, and let the water in the tubes heat for 
about Š minutes. 


To tube 2, add a single crystal ofrock salt and record the amount of time it takes for the 
crystal to đissolve. Do not shake or stir the solution. 


To tube 3, add a single crystal of rock salt and stir until the crystal đissolves. Record the 
amount of time 1t takes for the crystal to dissolve. 


To tube 4, add the ground rock salt and stir until it completely đissolves. Record the 
amount of time 1t takes for the powder to đissolve. 


PartC_ Construction and Calibration of Simple Hydrometer 


lỆ 


EIll the 9-Inch pipet approximately one-half full with water and Invert. All the water 
should run Immto the bulb. 


Slip a nut onto the stem end and allow 1f to rest on the “shoulders” of the bulb, as shown 
in Figure Ì. 

Test your hydrometer by placing 1t, bulb end down, In the 50-mL graduated cylinder 
containing 50 mL of water. The pipet should float with about 2.5 cm of the stem sticking 
out above the water. If it stIcks out mụch more or less than this, eIther add water to the 
pipet or remove water from II. 
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Solutions 


When you have adjusted the amount of water in the pipet bulb so that the stem sficks out 
about 2.5 cm, measure the height of the stem above the surface of the wafer In the 
øraduated cylinder. Measure to the nearest millimeter, and record the height on your 
report sheet. 


Remove the hydrometer from the graduated cylinder. Ðeing carđƒul not to let any wafer 
spill out oƒ the hydrometer or any water get in, rinse the outside surface of the 
hydrometer well and dry completely. 


Empty out the graduated cylinder, rinse well, and dry completely. 


Add 50 mL of the 4% sugar solution to the graduated cylinder, place the hydrometer in 
the solution—remember, bulb end down——and measure and record the height of the stem 
above the surface of the solution. 


Repeat steps 5, 6, and 7 for 8%, 12%, and 16% sugar solutions. 


On the blank graph in Part C of your report sheet, label the horizontal axis with numbers 
representing the percentages of the sugar solutions. (Two squares equalling 1% would be 
a reasonable scale.) Label the vertical axIs with numbers that represent various stem 
heights for the hydrometer. Choose your scale for this axis so that the lowest number 
you WrIte 1s a bit lower than the lowest height you measured and the highest number you 
wrife 1s a bit higher than the highest height you measured. 


Plot your measured heights on this graph. This 1s your calibration curve, and a sample 
one 1s shown ¡1n Flgure 3. 


Hydrometer stem height for unknown 


Sucrose confent 
of unknown 


Stem height (mm) 


0 4 8 12 l6 


Sugar concentration (3%) 


HGURE 3 Sample of calibration curve for determining sugar concentration. Find the point on 
the vertical axis that corresponds to the hydrometer stem height for your unknown 
solution (4.8 mm ín this graph). Draw a horizontal line that runs rightward from 
this point untiÏ it intersects the calibration curve. This line is shown here as 
——*-——. Novw đdrop a vertical line ftom the intersection point 
đown to the horizontal axIs, shown hereas  \. The value at the poInt where this 


line intersects the horizontal axis—about 9.4% here—-1s the sugar concentration of 
your unknown solution. 


Solutons 67 


Part D_ Determination of Sugar Content in Beverages 


lD 


Obtain soft drink and/or JuIce samples from your 1nstructor. IÝ you are øI1ven a carbonated 
drink (your Imstructor wIÏll telÏ you), you must remove the carbonation before running this 
experiment. To do this, empty out the beaker used for the water bath In part A, pour about 
60 mL of one of your carbonated samples into the beaker and heat to boiling on the hot 
plate. Let the solution boi] for 3 or 4 minutes, and then cool to room temperature. (This 
step must be done because with a carbonated solution, bubbles w1l]l collect on your 
hydrometer bulb and affect Its buoyancy. 


Following the procedure of Part C, measure and record the stem height for each of your 
unknown samples. 


se the calibration curve you prepared In Part C for your particular hydrometer to 
determine the sugar concentration in each of your unknowns. 


Name 


Solutions Report Sheet 


Part A_ Creating and Seeding a Supersaturated Solution 


Observations on what happens when sodium acetate trihydrate crystal added to cooled 
solution: 


Part B_ Effect oí Temperature, Stirring and Particle Size on Solution Rate 


temperature) 


Time Needed to Dissolve 


Test Tube Particle Size Tỉme Needed to Dissolve 


PartC_ Construction and Calibration of Simple Hydrometer 
Data 


Concentration of Suøar Solution (% 


0 (plain water In øraduated cylinder 


lẾ/ 
16 


Height of Hydrometer Stem Above Liquid 
Surface (mm 
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Stem height (mm) 


Sugar concenfration (3%) 


Part D Determination of Sugar Content in Beverages 


se the calibration curve you prepared to fill in the third column of this table. 


Height of hydrometer stem (mm 


Questions 
l.. Was the solubility of sodium acetate trihydrate crystals øreater in hot wafter or In room- 
temperature water? 


ẳẲ 
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Name 


2. At the moment you removed the sodium acetate trihydrafe solution from the water bath, 
was the soÌution unsaturated, saturated, or supersaturated? Explain your reasoning. 


3. After the sodium acetate trihydrate solution cooled to room temperature, was the solution 
unsaturated, saturated, or supersaturated? Explain your reasoning. 


4. How does temperature affect the rate at which a solute dissolves im a solvent? 


5. How does stirring affect the rate at which a solute dissolves in a solvent? 


^ 


. How does particle size affect the rate at which a solute dissolves In a solvent? 


7. Compare your Part D results with the results of your classmates and comment on the 
degree to which the varlous results agree. 


ẲẮ 


11 Candy Chromatography 


Conceptual Chemistru Laboratoru 


Objectives 


e  Toisolate dyes from candies 

se _ To separate the components of dyes 1n varlous candies 

e To compare the composifion of dyes used In different brands of the same color 
Of candy 


Materials Needed 


EquIpment Chemicals 

e  400-mL beaker e_ candy (M&M, Sktttles) 
e  hotplate ®  VIN€ØAT 

e_ three medium test tubes e 1.0 amnmonia solution 
e  15-cm plece ofwoolen yarn e_ standard solutions for all colors repre- 
e  s(iring rod sented in candies used 

e _ red litmus paper 

e  cvaporating dish 

® scrap strIp of chromatography paper 

e_ capillary tubes 

e_ sheet ofchromatography paper, 


14cm x 10cm 

pencll 

ruler 

stapler 

1-L beaker 

plastic food wrap or aluminum foIl 


Discussion 


Many 1tems, from clothing to food, are dyed with chemical dyes that contain a combination 
of pIipgments. In this experiment, you will use paper chromatography to separate Into compo- 
nents the dyes used in M&M and Skittles candies. You wIll then compare these componenfs 
against food color standards. 

Chromatography 1s a separation technique that takes advantage of differences in the 
affinities the various components of a mixture have for different mediums. For all types of 
chromatography, there are at least two mediums in different phases——one that 1s called the 
stationary phase, often a solid or a liquid, and another that is called the mobile phase, often a 
liquid or a gas. 

In paper chromatography, paper 1s the statlonary phase. The mixture to be separated 
1s spotted onto the paper, and the paper 1s placed upright in a liquid solvent, as shown In 
Figure 1. The solvent is allowed to travel up the paper, meaning that in this case the mobile 


73 


74 Candy Chromatography 


phase ¡s a liquid. The components of the mixture move various đistances up the paper. In 
general, the greater the affinity a component has for the liquid, the faster that component 

travels along with the liquid. Conversely, the greater the affñinity a component has for the sta- ệ 
tionary paper, the slower ¡t travels along with the liquid. The componenfs of a mixfure can à 
therefore be separated from one another as they travel along with the solvent at different 

rates. This process results in a series of dots known as a chromatogram. A sample is shown in 

FIgure 2. 


Chromatography paper 
with spots of sampÌes 
along baseline 


Solvent 


FIGURE T1 


Here 1s a picture of a chromatogram before 1t 1s developed: 


Student X 
NHạ mobile phase 


© đấP) €2 
Yel#5S Red⁄#40 Red M&M Red Blue #1 Blue #2 
std std Skittle std std 


+ 


Here is a hypothetical picture of the same chromatogram after it is đeveloped: 


Student X 
NHạ mobile phase 


Yel#5 Red #40 Red M&M Red Blue #I Blue #2 
std std Skittle std std 


FIGURE 2 


Procedure 


You'll be working with a partner who will extract the dye from candy that ¡s the same color 
as yours but a different brand. For instance, ¡f you are doing blue M&Ms, you should be 
working with a person doing blue Skittles. Each of you will extract the dye from the one 
brand of candy, but then you'll each run your own chromatogram on both blue dyes. 


Candy Chromatography Z5 


Part A_ Extracting the Dye 


Ì 
Đi 


© œ mm ỐƠ 


EIII the 400-mL beaker with approximately 150 mL of water. 


Heat the water to boiling on a hot plate set to medium (adjust the heat to keep the water 
Just at the boiling pomt). Add more water 1f the level gets too low as the experiment 
DrOBTesses. 


Place six candies (all of the same color and same brand}) in a test tube, and then add 
enouph vinegar to cover them. 


Heat the test tube In your boiling water bath until the colored coating of the candy has 
đissolved (avoid dissolving the Interior of the candy). 


Remove the test tube and allow 1t to cool to room temperature. Your solution now 
contains dyes, some sugar, and vinegar. 


Pour the liquid from your test tube into a clean test tube, leaving behind all solids. 
Add the 15-cm length of woolen yarn and 3 mL of vinegar to the dye solution. 
Heat this tube in the boiling water bath for about 5 minutes, stirring occasionally. 


Remove the yarn and rinse 1t with a little tap water. The dye should now be stuck to the 
yarn. 


._Place the yarn and about Š mL of the 1.0 Ä⁄ ammonia solution 1n a clean test tube, and 


mix with a stirring rod. 


._ Test the solution to make sure 1t 1s basic by placing a drop of 1t on a piece of red litmus 


paper. If the paper stays red, add a few more drops ofammomIa to the test tube and 
retest. Once the paper turns blue, continue to the next step. 


._ Heat the test tube contaIning the yarn and ammonmia In the boiling water bath for about 5Š 


minutes, stirring occasionally. 


.. Remove the yarn and pour the solution Into an evaporating dish. 


._ Heat the evaporating dish gently on the hot plate set to low to concentrate the solution. 


Stop just short of dryness——DO NOT let all the liquid evaporate. 


Part B_Preparing the Chromatogram 


lỆ 


Using the scrap piece of chromatography paper and a capillary tube, practice making 
small spots of dye solution on the paper. 


On the 14 x 10 chromatography paper, draw a stralght baseline /„ pencil——do not write 
on the paper with ink——=approximately 1.5 cm up from the bottom of the sheet. 
(Consider the 14-cm edges to be the top and bottom of the sheet.) 
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3. Using separate capillary tubes for each solution, place one spot of each of the following 


solutions along your baseline: 
the dye solution you prepared 
the dye solution of the same color but from a different brand of candy, prepared 
by a partner 
separate spots of the standard solutions for the color you are working with (your 
instructor wiÏll tell you which standard solutions to use) 
In applying the spots, you should follow these guidelines: 
se a fresh caprllary tube for each solution. 
Place the first spot at least 3 cm In from the left edge of the paper and the last 
spot at least 3 cm In from the right edge of the paper. 
Leave about 2 cm of space between neighboring spotfs. 


S« 


In penciÏ (nof 1ink), label each spot along the bottom edge of the paper. 


Holding the paper upright with the spots facIng you, curve the two vertical edges away 
from you and toward each other until they Just touch each other (make sure they do not 
overlap). Staple the touching sides together at the top and bottom of the cylinder you”ve 
created. 


PartC_ Developing the Chromatogram 


lệ 


Add about 40 mL of the 1.0 Ä⁄ amamonia solution to the I-L beaker. Then stand your 
paper cylinder alongside the beaker and check to see that the level of the ammonia in the 
beaker 1s below the baseline on the cylinder. If the ammonia level 1s above the baseline, 
pour out some ofthe solution and check again. 


+% 


Once you are sure your spots won't be submerged, place the cylinder in the beaker, 
baseline at the bottom, as shown In Figure 1. 


Cover the beaker with plastic wrap or aluminum föil. Leave the setup undisturbed once 
the solvent has begun moving up the paper. 


When the solvent has traveled to Just below the top of the paper cylinder, remove the 
cylinder from the beaker and allow it to dry. 


Name 


Candy Chromatography Report Sheet 


Data 


Attach your chromatogram (or draw a điagram of it) here. 


Questions 


I.. Were the same pIgmenfs present 1n the two different brands of candy? 


2. Chromatography paper 1s fatrly polar. How would you expect an ionic component to 
behave when the mobile phase 1s a relatively nonpolar solvent, such as acetone? Would 
such a component readily travel with the solvent or would it stay behind? 


Vi 
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3. Which type ofintermolecular forces would be responsible for the movement of an Ionic 
component? 


ÂẲ 


4.. How would you expect a relatively nonpolar component to behave when the mobile 
phase 1s a nonpolar solvent? Explain your reasoning. 
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1 2 How Much Fat? 


Conceptual Chemistru Laboratoru 


Objectives 


e To extract fat from potato chIps 
e. To compare the mass percentage of fats in regular and low-fat potato chips 


Materials Needed 


Equipment Chemicals 

two 25-mL Erlenmeyer flasks e_ repular potato chIps 
balance e  low-fat potato chips 
mortar and pestle e  pcfroleum ether 
two 13 x 100 mm test tubes with stoppers 

5-mL, graduated cylinder 

5-mL, pIpet 

100-mL beaker 

hot plate 


Discussion 


We have all wondered If it is worth eating low-fat or even nonfat chIps. In this experiment, 
you wIll determine the fat content of various snack chips. The process you wIÏÏ use to get the 
fat from the chips, called extraction, 1s a separation technique based on solubility. The fats 
are separated from other components based on polarity. Fats are nonpolar and therefore solu- 
ble in nonpolar solvents, such as petroleum ether. Assuming that all other components In the 
chips are polar, only the fats should dissolve into a nonpolar solvent. 

You wIll determine the mass of the fat you extract and then compare the mass per- 
centage of fats In regular and low-fat chips. You wIll then calculate the efficlency of the ex- 
tractions by comparing your experimental vaÌues with the values stated on the packaging of 
the chips. 


Procedure 


1. Determine the mass of an empty 25-mL Erlenmeyer flask and record the mass in the 
“Regular Chips” column In the report sheet. 


2. Use the pestle to crush the regular potato chips In the mortar. 


3. Determine and record the mass of approximately 0.5 gram of the crushed chips and 
transfer the sample to one of the test tubes. 


4. Using the graduated cylinder, add 3 mL of petroleum ether to the test tube. 
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How Much Fat? 


Stopper the test tube and shake for several seconds. Periodically remove the stopper to 
relieve any pressure that may build up. 


Let the solid in the test tube settle to the bottom. 


Remove the stopper and pipet the liquid into the pre-weighed Erlenmeyer flask. Do not 
allow any solid to be transferred to the flask. 


After the original 3 mL of petroleum ether has been removed (or as much as possIble 
removed), add another 3 mL of petroleum ether to the test tube, stopper and shake for 
several seconds, then allow the solid to settle to the bottom. 


Remove the stopper and piIpet the liquid 1nfo the same Erlenmeyer flask. Again, do not 
transfer any solid. 


. Place approximately 25 mL of water In the 100-mL beaker and place the beaker on a hot 


plafe set to medium under a fume hood. 


. Place the Erlenmeyer flask containing the petroleum ether and fats in the hot water. Be 


very careful not to let any water get into the Erlenmeyer flask. 


. After all the petroleum ether has evaporated (usually about 10 to 15 minutes), allow the 


flask to cool to room temperature. 


The solid residue in the flask 1s the fat you extracted from the chips. Weigh and record 
the mass of the flask plus fat. 


Repeat the procedure using low-fat chips as your sample. 


⁄4 


Name 


How Much Fat? Report Sheet 


Data 


Show calculations ƒor all items marked with an asterisk (*). 


Regular Chips Low-Fat Chips 
1. Mass ofempty Erlenmeyer flask H4 _E 
2. Mass of crushed chips l9 bả 
3. Mass of Erlenmeyer flask plus fat Ợ Ø 
4. Mass of fat in sample* Đ Ø 
5.. Mass percent of fat in chips* —_D_⁄% —=- `. 
(exper1mental) 
6... Mass ofone serving (from package label) g Ø 
7. Mass oftotal fat per serving (from ——— = =_. `"_ 
package label) 
§.  Mass percent of fat in chips* =“-... —== 5 
9. Efficiency ofextraction* m....... “`... . 


(divide experimental mass percent calculated in 
step 5 by theoretical mass percent calculated in 
step 8, then multiply quotient by 100) 


82 How Much Fat? 
Questions 


1. Itis likely that you did not extract as much fat from each sample as the label suggests you ể 
could have. Sugøest possible reasons. 


2. Were significant or insignificant amounts of fat carried away wIth the evaporated petro- 
leum ether? Explain. 


3. Which would be the most Important type of 1ntermolecular forces between fat molecules 
and petroleum ether molecules? 
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4.. Would the extraction be more or less efficlent iŸ you extracted only once using 6 mL of 
petroleum ether rather than twice using 3 mL each time? Explain. 


5.. How would the extraction efficiency change If you did not crush the chips before adding 
the petroleum ether? 


13 Energy and Calorimetry 


Conceptual Chemistru Laboratoru 


Objectives 


e To identify a metal by determining Its specific heat capacity 
e To compare the energy content per gram of various fuels 


Materials Needed 


Equipment Chemicals 

e  hotplate e  chunk ofunknown metal 
e ring stand with clamp large enough to s® candle 

hold 400-mL beaker ® can of Sterno fuel 
two 400-mL, beakers 

balance 

string 

two large Styrofoam cups 

25-mL graduated cylinder 

thermometer 

SC1SSOTS 

tongs 

matches 


Discussion 


Energy 1s defined as the capacity to do work. Energy 1s often measured In calories (cal), and 
calorimetry 1s the sclence of measuring calories. One calorie equals 4.184 Joules and 1s 
defined as the amount of energy requrred to raIse the temperature of l gram of water by l 
Celsius depree. The amount of heat energy necessary to raise the temperature of l gram of 
any material by I Celsius degree 1s defined as the material”s specIfic heat capacity (c). The 
specific heat capacIty of water 1s | cal/g- ˆC = 4.184 J/g-ˆC. 

Energy is involved ¡n all physical and chemical changes. A change that absorbs em 
ergy from the surroundings 1s referred to as endothermic, and a change that releases energy to 
the surroundinøs 1s exothermic. The law of conservation of energy states that energy cannot 
be created or destroyed. It can be transferred from one obJect to another, however. When all 
the energy 1s transferred and none lost to the surroundings, the amount of energy released by 
one object must always equal the amount of energy absorbed by the other. 

The amount of energy involved in heating or cooling a sample can be calculated with 
the formula 

heat energy = mcAT 


where ø 1s the mass of the sample, e 1s I†s specific heat capacIty 1n cal/g-”C and A7 1s the 
change in temperature of the sample. 
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In the first part of this experiment, you will use a simple calorimeter to determine the 
specific heat capacity of a metal. You will heat a metal sample of known mass to the tem- 
perature of boiling water (100°C) and then place the sample in a double Styrofoam cup corr 
taining a known mass of water. If the temperature of the water is taken before and after the 
metal is transferred, the following formulas can be used to determine the specific heat capac- 
Ify of the metal: 


heat energy lost by metal = heat energy gained by water 
MÔ (Ni = ỰN GIÁ 


& mạ AT, 


In the second part of the experiment, you will compare the energy content of varIous 
fuels. The mass of a fuel source (a candle or Sterno fluid) will be determined before and after 
the fuel is burned. The fuel will be used to heat a sample of water. The amount of heat energy 
released from the fuel is equal to the amount of heat energy øaIned by the water: 


heat energy released by fuel = heat ener gy absorbed by water = 7„é„ ATy 


The fuel”s energy content per gram 1s then calculated by dividing this amount of heat energy 
by the mass of fuel burned. 


Procedure 
Part AA Specific Heat Capacity of a Metal 
{... Place the hot plate on the base of the ring stand. 


2. Add approximately 250 mL of water to one of the 400-mL beakers, and heat the water to 
boiling on the hot plate. 


Obtain an unknown metal sample and record its number on your report sheet. 
4... Determine and record the mass of your sample. 


Tie a string around the metal sample and suspend it in the beaker of boiling water as 
shown In FIgure Ì. 


6. While the metal is heating, nest one Styrofoam cup inside a second one. 
7. Determine and record the combined mass of the two cups. 


S.  Pour into the graduated cylinder the same number of milliliters of water as there are 
grams in your metal sample, and then pour this water into the inner cup. 


9... Determine and record the mass of the cups plus water. 


10. Measure and record the temperature ofthe water in the inner cup. 


“% 


HÌẾ 


J2 
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Sfring suspending rnetal 
from clamp 


FIGURE † 


Cut the string holding your metal sample so that the sample falls to the bottom of the 
beaker. Then, using tongs, g/c*Ïy remove the metal sample from the boiling water, 
shake off any excess water, and drop the heated metal into the inner Styrofoam cup. 


Stir the water in the cup carefully with a thermometer and record the highest temperature 
attained by the water after the addition of the heated metal. 


.. se the formulas g1ven In the discussion section to calculate the speciIfic heat capacity of 


your sample. 


.. Compare your calculated value for specific heat capacIty with the values In Table [ to 


determine the 1dentity of your metal. 
TABLET1 Specific Heat Capacities 
Specific Heat 
Metal Capacity (cal/ø-Cˆ 
0.215 
0.0923 


0.0301 
0.0321 
Em 0.0925 


Part B Energy Content of Fuels 


lễ 
v. 
Sà 


Determine and record the mass of a dry 400-mL beaker. 
Add approximately 100 mL of water. 
Determine and record the mass of the beaker plus wafter. 


Suspend the beaker through a ring clamp as shown by FIigure 2, being sure the beaker 1s 
securely held before releasIng 1t. 


Determine and record the Iinitial temperature of the water. Leave the thermometer In the 
water for the rest of the experIment. 
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10. 
ĐỤC 
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Clamp 


FIGURE 2 


Determine and record the I1nitial mass of the candle. 


Place the candle under the suspended beaker of water, and move the clamp up or down 
the stand so that the bottom of the beaker Just touches the wick. 

Light the candle and let it burn until the water temperature has Increased by at least 5 C” 
(the larger the temperature change, the better). 

Extinguish the candle and record the final temperature of the water. 

When the candle is cool, determine and record I1ts final mass. 


Repeat the experiment using a can of Sterno In place ofthe candle. 


Name 
Energy and Calorimetry Report Sheet 


Part A_Specific Heat Capacity of a Metal 


Show calculations ƒor all items marked with an asterisk (*). 


Unknown metal number 


2. Appearance ofunknown metal 

3. Mass ofunknown metal ===.=.... 

4. Mass of doubled Styrofoam cups =....... 

5. Mass of doubled Styrofoam cups = =5... 
plus water 

6. Mass of water* ——...... 


7. Initial temperature of metal 
§. _ FInal temperature of metal 


9.. Temperature change of metal* _A=.-=<=.‹. 


10. Inittial temperature of water In cup 
11. Higphest temperature of wafter In cup 


12. Temperature change of water 1n cup* ....... 


13. Specific heat capaciIty of metal* CấU pc. 


14. Identity of metal 
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Part B_Energy Content oí Fuels 


Show calculations ƒor all items marked with an asterisk (*). 


TÚ, 


I 


Candle 
Mass of empty beaker 


Mass of beaker plus water 


Mass of water* 


Initial mass of fueÌ source 


._ Final mass of fueÌ source 


Mass of fuel burned* 

Imtial temperature of water 
Final temperature of water 
Temperature change of water * 


Heat energy gained by water* 


Heat energy released by fuel source 


12. Heat energy released per gram of fuel 
burned# 
Questions 


1. 


Could two metal cups be used in place of the Styrofoam cups? Why or why not? 


cal 


cal/g 


Sterno 


cal 


cal 


cal/g 


s› 


Energy and Calorimety 89 


Name 


# 2. In Part A, the metal sample tends to change temperature much more rapidly than the 
water. Does this Indicate that the specIfic heat capacIty of the metal is higher than that of 
water or lower? 


3. Based on your data, do all fuel sources contain the same amount of energy per gram? 


ø 4. Some of the heat generated by the burning candle in Part B is lost to the surroundings 
rather than being absorbed by the water. [f this heat loss were taken Into account, would 
your calculated heat energy released per gram of fuel burned be greater or less than the 
value you reported? 


1 4 The Clock Reaction 


Conceptual Chemistru Laboratoru 


Objective 


e© To observe how catalysts, reactant concentration, and temperature affect the rate ofa 
chemical reaction 


Materials Needed 


Equipment Chemicals 

e_ two 25-mL graduated cylinders se 0.024 MX and 0.048 M potassium 1odate 
e_ fourteen 50-mL beakers solutions 

® CY€drODpers se 0.016 ẤM and 0.032 ÄX sodium bisulfite 
e_ stopwatch with second hand solutions 

e  glass stirring rod se 0.010 Mí copper sulfate solution 

e  two 500-mL beakers e 1% starch solution 

®  crushed Ice 

e_ shallow tray 

e  thermometer 

e  hotplate 

Discussion 


Several factors can Influence the rate of a chemical reaction, Including the presence of a 
catalyst, the concentrations of reactants, and the temperature at which the reaction 1s run. 
This experiment explores the effects these factors have on the rate of a reaction. 

A catalyst 1s a substance that Increases the rate of a reaction without ¡tself being com 
sumed. A catalyst affects the reaction rate by lowering the energy barrler (activation energy) 
for the reaction. You wIll determine the effectiveness of a catalyst by timing a chemical 
reaction first with and then without the catalyst present. 

The rate of a chemical reaction depends on the number of times reactant particles can 
collide with one another. As the concentration of one or more reactants 1s Increased, the total 
number of collisions possible 1s Iincreased. You w1ll study the effect of concentration on 
reaction rate by timing the same reaction run with varlous concentrations of reactants. 

Temperature 1s a measure of the average kinetic energy of a system. Temperature 
affects the rate of a chemical reaction not only by infuencing the number of total collisions 
possible but also by Influencing the number of collisions that can get over the 
energy barrier for the reaction. You wIll look at this factor by timing a chemical reaction at 
three temperatures—room temperafure, a temperature above room temperature, and a tem- 
perature below room temperature. 

The chemical reaction used 1n this experiment 1s 


2IO, +5HSO,- —› I, + 5SO¿ + HO + 3H" 
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Althouph this is a complicated oxidation-reduction reaction, if is very easy to time. 
As the reaction occurs, the iodine formed reacts with starch added to the reaction mixture, 
forming a deep blue color. The reaction ¡s considered complete once the solution turns blue. 


Procedure 
Part A Effect of Catalyst on Reaction Rate 
Test 1 With the Catalysf 


1. Pour 20 mL of0.024 ẤM potassium iodate solution into a 50-mL beaker, and add 8 drops 
of copper sulfate solution (the catalyst) to the beaker. 


2. Pour 20 mL of0.016 M⁄ sodium bisulfite solution 1nto a second 50-mL, beaker, and add 5 
drops of starch solution to the beaker. 


Record the start time shown on your stopwafch. 


4. Start the stopwatch as you pour the contents of the first beaker Imto the second beaker, 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


5. Record the stop tine and calculate the amount of time required for the color change to 
OCCUT. 


Test 2_Without the Catalyst 
l._ Pour 20 mL of0.024 ÄM potassium 1odate solution Iinto a 50-mL, beaker. 


2. Pour 20 mL of0.016 Ä⁄ sodium bisulfite solution Into a second 50-mL beaker, and add 5 
drops of starch solution to the beaker. 


3. Record the start tưrne shown on the stopwatch. 


4. Start the stopwatch as you pour the contents of the first beaker into the second beaker, 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


5. Record the stop time and calculate the amount of time required for the color change to 
OCCUT. 


PartB Efíect oí Concentration on Reaction Rate 
Test 1 


1. Pour 20 mL of0.048 M potassium iodate solution into a 50-mL beaker, and add § drops 
Of copper sulfate solution to the beaker. 


2. Pour 20 mL o£0.016 ẤM sodium bisulfite solution into a second 50-mL beaker, and add 5 
drops of starch solution to the beaker. 


3. Record the start time shown on the stopwatch. 
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4. Start the stopwatch as you pour the contents of the first beaker into the second beaker, 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


5. Record the stop time and calculate the amount of time required for the color change to 
OCCUI. 


Test 2 


1. Pour 20 mL of0.024 M potassium 1odate solution into a 50-mL beaker, and add § drops 
Of copper sulfate solution to the beaker. 


2. Pour 20 mL of0.032 X⁄ sodium bisulfite solution into a second 50-mL beaker, and add Š 
drops of starch solution to the beaker. 


3. Record the start time shown on your stopwafch. 


4. Start the stopwatch as you pour the contents of the first beaker 1nto the second beaker 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


5. Record the stop time and calculate the amount of time required for the color change to 
OCCUT. 


Test 3 


1. Pour 20 mL of0.048 Mí potassium 1odate solution into a 50-mL beaker, and add § drops 
of copper sulfate solution to the beaker. 


2. Pour 20 mL of£0.032 M sodium bisulfite solution into a second 50-mL beaker, and add Š 
drops of starch solution to the beaker. 


Record the start time shown on your stopwatfch. 


4. Start the stopwatch as you pour the contents of the first beaker into the second beaker, 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


5.. Record the stop time and calculate the amount of time required for the color change to 
OCCUT. 


Part C_ Effect of Temperature on Reaction Rate 
Test 1 Below Room Temperafure 


1. Determine the ambient air temperature In the laboratory and record 1t in column 2, row 2, 
of the Part C data table. 


2. FiIlla 500-mL beaker about one-fourth full with crushed :ce, and add about 300 mL of 
water. (It is fine to “eyeball” how much water you add. The beaker should be about three- 
fourths full after you add the water.) 

3. Pour 20 mL of0.024 Ä⁄ potassium 1odate solution into a 50-mL beaker, and add § drops 
of copper sulfate to the beaker. 
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Pour 20 mL of0.016 Ä⁄ sodium bisulfite solution into a second 50-mL, beaker, and add Š 
drops of starch solution to the beaker. 


Place both beakers in the shallow tray, and carefully pour Ice water into the tray until the 
water level in the tray ¡is about even with the liquid level in the beakers. Leave the 
beakers in this ice bath until the solutions reach a temperature of about 10C. Record the 
temperature of the solutions in column 2, row 3, ofthe Part C data table. 


Record the start time shown on your stopwatfch.. 


Start the stopwatch as you pour the contents of the first beaker Into the second beaker, 
stirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


Record the stop time and calculate the amount of time requrred for the color change to 
OCCUF. 


Test 2 Above Room Temperafure 


1. 
2Ã 
Đ. 


In a 500-mL beaker, heat about 300 mL of water to about 6S° C. 
Repeat steps 3 and 4 of Part C Test 1. 


Place both beakers In the shallow tray, and carefully pour the hot water Into the tray until 
the water level in the tray 1s about even with the liquid level in the beakers. Leave the 
beakers 1n this water bath until the solutions reach a temperature of about 40°C. Record 
the temperature of the solutions in column 2, row 4, of the Part C data table. 


Record the start time shown on your stopwafch. 


Start the stopwatch as you pour the contents of the first beaker into the second beaker, 
sfirring the mixed solutions continuously. Stop the stopwatch when the reaction mixture 
turns deep blue. 


Record the stop time and calculate the amount of time required for the color change to 
OCCUT. 


Name 


The Clock Reaction Report Sheet 


Part A_ Effect of Catalyst on Reaction Rate 


KIO; NaHSO; 
Concen- Concentr a- 
tration tion 


-—— 
A, Test I 0.024 Mí 0.016 X⁄ 
__—_ 


Room-Temperature 
Data from Part A, 
Test Ï 


Below Room 
Temperature 


Above Room 
Temperature 


Amount of Tỉme 
Needed for Color 


Amount of Tỉme 
Needed for Color 


Amount of Tỉme 
Needed for Color 
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Questions 


1. Doubling the number of drops of copper sulfate added should have little to no effect on 
the rate of reaction. Why? 


2. Ifsome ofthe water that was used to warm the reactanfs in Test 2 of Part C spilled into 
either of the beakers before they were mixed, would this have the effect of Increasing or 
decreasing the rate of reaction relative to the value you reported? 


3. What relationship did you find between the temperature of the reaction and ¡ts rate? 
Explain this relationship 1n terms of the collisions among reactants. 


15 Upset Stomach 


Conceptual Chemistru Laboratoru 


Objective 


e To measure and compare the acid-neutralizing strengths of antacids 


Materials Needed 


Equipment Chemicals 

e  two 50.00-mL burets e_ 0.501⁄ HCI solution 

e®  buret stand with clamps e_ 0.50 Ä/ NaOH solution 

e_ three 250-mL Erlenmeyer flasks e  phenolphthalein Immdicator 

e©  mortar and pestle e  varlous brands ofantacid tablets 
e weiph-dishes 

e  balance 

e 10-mL pIpets 

e well-plates 


Discussion 


Overindulging 1n food or drink can lead to acid Indigestion, a discomforting ailment that re- 
sults from the excessIve secretion of hydrochloric acid, HCI, by the stomach lining. An im- 
mediate remedy 1s an over-the-counter antacid, which consists of a base that can neutralize 
stomach acid. In this experiment, you w1ll add an antacid to a simulated upset stomach. Not 
all the acid will be neutralized, however, and so you wIÏll then determine the effectiveness of 
the antacid by determining the amount of acid that remains. 

This 1s done by completing the neutralization with another base, sodium hydroxide, 
NaOH. The reaction between hydrochloric acid and sodium hydroxide 1s 


HCI sự NaOH —~ NaCl SP H;O 
hydrochloric sodium salt Water 
acid hydroxide 


When the concentrations of the HCI and NaOH used are the same, as 1s the case 1n this ex- 
periment, the volume of NaOH needed to neutralize the HC] remaining in the “relleved” 
stomach after the antacid has done 1fs Job 1s equal to the volume of HCI no neutralized by 
the antacid. 
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Procedure 
Part A_ Preparing the Upset Stomach 


}: 


4. 


Fill one of the 50.00-mL burets with 0.50 Ä⁄ HCI. Remove any air bubbles from the tip by 
letting a few milliliters of liquid run out the tp. 


Record the initial volume to two decimal places, remembering from the Taking 
Measurements experiment how to look at the meniscus. 


Deliver approximately 30 mL of the HCI solution to a 250-mL Erlenmeyer flask and 
record the final volume in the buret, again to two decimal places. This flask represents 
your “upset stomach.” So as not to upset your eyes, you are wearing your safety glasses, 
ripht? 


Add 2 drops of phenolphthalein indicator to the flask. 


PartB Adding the Antacid 


l 
2; 


Record the brand and active ingredient of your antacid on the report sheet. 


Crush and grind the antacid tablet with a mortar and pestle. (Note: Alka-Seltzer need not 
be crushed.) 


Carefully transfer all of the resulting fine powder to a weigh-dish, and then determine and 
record the mass of the weigh-dish plus powder. 


Carefully transfer the antacid from the weigh-dish to the upset stomach flask prepared In 
Part A, swirling for a few minutes while being careful not to spill. This flask now 
represenfs your “relieved upset stomach.” (The solution should remain colorless.) 


Determine and record the mass of the empty weigh-dish. 


PartC  Completing the Neutralization (choose one oƒthe two ƒollowing procedures) 


Miacroscale Procedure 


l 


EII the other 50.00-mL buret with 0.50 3⁄4 NaOH. Remove air bubbles from the tip by 
letting a few milliliters of liquid run out. 


Record the 1nitial volume of NaOH in the buret to two decimal places. 


Carefully deliver this solution, in small increments, to the “relieved upset stomach” flask. 
Initially you will see a pink color form and then fade away as you swirl the flask. As you 
get closer to the point of complete neutralization (called the end point), the pink color 
WIll persist for longer perlods of time. Be sure to add the NaOH more slowly (dropwise If 
necessary) as you approach the end point. You should add only enough NaOH to allow a 
light pink color to persist for at least l minute. Do not overshoot the end point. 


Record the final volume of NaOH remaining ¡n the buret. 


5. Repeat the entire procedure, starting from Part A, for two other brands of antacid. 


“Cˆ 


Upset Stomach 99 
Aicroscale Procedure 


l.. se a pIpet to transfer 20 drops of the solution 1n the “relieved upset stomach” flask to 
cach of five wells of a plastic well-plate 


2. FHI a clean pipet with 0.50 Ä⁄ NaOH solution, and then carefully and slowly add the 
solution đropwise to one of the wells. Keep a careful count of the number of drops added, 
and add base until a light pink color persists for at least 30 seconds. 


3. Record the number of drops In the report sheet, and then repeat step 2 for the remaining 
wells. 


4. Repeat the entire procedure, starting from Part A, for two other brands of antacid. 


“+, 


Name 


Úpset Stomach Report Sheet 
Data 


Show calculations for all items marked with an asterisk (*). 


Parts A and B_Preparing the Upset Stomach and Adding the Antacid 


Antacid l Antacid 2 Antacid 3 

I1.  Brand ofantacid used 
2. Active Ingredient 
3. Initial volume of HC] in 

buret mL mL mL 
4. Email volume of HCI im 

buret mL mL __mL 
5. Volume of HC] added to 

Erlenmeyer flask* mL mL mL 
6. Mass of weigh-dish plus 

crushed antacid H4 =—....=. =...... 
7. Mass ofempty weliph- 

dish after antacid =—....... mm. ..... ¬...... 

transferred 
§._ Mass ofantacid added to 

“tupset sto mach”* . ==S .... ï=ẽ= .-.. 
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PartC  Completing the Neutralization 


AMlacroscale Procedure 


10. 


IỆ 


li. 


L5. 


14. 


Antacid I 


Imtial volume of NaOH 
1n buret 


Fimal volume of NaOH 
in buret 


Volume of NaOH 
added to complete 
neutraÌ1zation* 


Volume of acid 
neutralized by NaOH 
(equal to volume of 
NaOH added) 


Volume of acid 
neutra lized by antacid* 


Volume of acid 
neutralized for every 
8ram of antacid* 


Antacid 2 


Antacid 3 


Name 


Alicroscale Procedure 


Antacid l 


S 


10. 


JU:: 


TÚ, 


Antacid 2 


Sà 


10. 


JỆ 


l2. 


Well I Well 2 Well 3 


Drops of “relieved 
upset stomach” 20 20 20 
solution 


Drops of NaOH 
added to complete 
neutralization 


Drops of acid 
neutralized by 
NaOH (equal to 
drops of NaOH 
added) 


Drops of acid 
neutralized by 
antacid* 


Welll Well 2 Well 3 


Drops o£ “relieved 
upset stomach'”” 20 20 20 
solution 


Drops of NaOH 
added to complete 
neufralization 


Drops of acid 
neutralized by 
NaOH (equal to 
drops of NaOH 
added) 


Drops of acid 
neutralized by 
antacid* 


—————-  —————————-  —————-— 


Upset Stomach T103 


Well 4 Well 5 
20 20 

Well 4 Well 5 
20 20 
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Antacid 3 Well I Well 2 Well 3 Well 4 Well S 


9. Drops of“relileved 


upset stomach” 20 20 20 20 20 
solution 


10. Drops of NaOH 
added to complete 
neutralization 


11. Drops ofacid 
neutralized by 
NaOH (cqual to 
drops of NaOH 
added) 


12. Drops ofacid 
neutralized by 
antacid* 


Questions 
l.  List the antacids you tested in order of neutralizing strength, strongest first: 


strongest | _ > weakest 


2. What would be the effect on the calculated neutralizing strength for an antacid ¡f the 
followIng errors were made? 


You spIll some of the crushed antacid as you are transferring 1t to the “upset stomach” 
flask. 


You overshoot the end point in adding NaOH to the relieved stomach fluid. 


16 Mystery Powders 


Conceptual Chemistru Laboratoru 
ObjJjectives 


e To develop an effective qualitative analysis scheme 
e _ To Identify ten common household chemicals using qualitative analysis 


Materials Needed 


Equipment Household chemicals 
e  clear-plass well-plates e  cornstarch, (C,H;ạO.), 
®  C€CYy€drODpers e  white chalk, CaCO; 
® microspatulas ®  plaster of Paris, CaSO,-H,O 
e  250-mL beaker e  washing soda, Na;CO;, 
e  thermometer e© lyc, NaOH 
e  hotplate ®  cpsom salt, MgSO„-7H,O 
e testtube ®  baking soda, NaHCO; 
e© _ 5-mL or l0-mL graduated cylinder ®  borIc acid, H;BO; 
e latex ØøÌOVes e  table sugar, C,;H;;O\, 
e  table salt, NaCl 
Test Reagents 
e  1odine solution 
e  phenolphthalein 
e Whif€ VIneĐ€FT 
se 0.3 M sodium hydroxide 
e_ 70% rubbing alcohol 
Discussion 


You will be given ten vials, each containing a white powder that is a common household 
chemical. Your task 1s to identify these unknowns based on their different physical and 
chemical properties. FIrst, however, you must develop a qualitative analysis scheme along 
the lines of the one shown 1n Figure 1, to show how the chemicals can be systematically 
1dentified. 
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Unknowns A, B, C, D, E 


Soluble cào Insoluble 


Run test X Run test Y 


jỊj 


Run test Z 
=s 
FIGURE T1 A sample qualitative analysis scheme. 


Procedure 


Using the tests outlined below, prepare a qualitative analysis scheme that permIts you fo une- 
quivocally determine the identitles of the unknowns. Start with test 1, Solubility in Water. 
You may then choose your own order of testing. Some orders are more efficient than others. 
Try to develop a scheme that minim1izes the number of tests you must use. Use Table l as a 
guide to the physical and chemical properties of the household chemicals to be 1dentified. 

Affer getting your instructor”s approval for your scheme, draw 1t on the report sheet, 
along with a data table to record your observations. 


Tesfs 


In running these tests, rermember that after you add water to alÏ your unknowns in test 1, only 
one test reagent can be added to an unknown 1n a well. Once you add a test reagent to an 
unknown on a well-plate and record your observations In your data table, rinse out the plate 
and start fresh. Also, exercise great caution In working with your unknown samples as one of 
them 1s lye, NaOH, which will harm your skin upon prolonged contact. If your skin starts to 
feel very slIippery, this 1s evidence that you have touched the lye and you should thus rinse 
your skin thoroughly as directed by your instructor. You may opt to wear close-fitting latex 
Øloves as a precaufion. And, as always, you should be wearing your safety glasses. 
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Solubility in Water  Tap a small amount of each unknown Into separate wells ofa well- 
plate. Use an eyedropper to fill each well with distilled water, and stir gently with a 
microspatula. (Note: either use a separate microspatula for each well or else rinse a single 
microspatula thoroughly after stirring each sample.) Record in your data table which of 
your unknowns are soluble In water. 


lodine se this test on any unknown that 1s insoluble in water. Add a drop or two of 
1odine solution to each well containing an unknown as If sits undissolved in water. A 
deep blue color appears as the iodine complexes with cornstarch. A brownish color 
appears for all other unknowns Iinsoluble in water. Record your findings 1n your đata 
table. 


Phenolphthalein se this test on any unknown that 1s soluble in water. Add a drop of 
phenolphthalein to each wel] containing a dissolved unknown. A bright pink color 
appears 1f the solution 1s very alkaline, which 1s a posifive test for lye, NaOH (pH above 
8). A paler pink color appears 1f the solution 1s only slightly alkaline, which 1s a positive 
test for washing soda, Na;CO: (pH approximately 8). Record your findings. 


._ White Vinegar se this test on all unknowns. Add a drop or two of whIfe vinegar to 
cach well containing an unknown, in either a dissolved or undissolved state. The 
formation of bubbles is a sign of the carbonate ion, CO;*, which decomposes to gaseous 
carbon dioxide upon treatment with an acid (vinegar). This test 1s positive for whIfte 
chalk, CaCO;, washing soda, Na;CO:, and baking soda, NaHCO:. Record your findings. 


Sodium Hydroxide se this test on any unknown that 1s soluble in water. The test 1s 
specrfic for MgSƠ,, one of the salts in epsom salt. After an unknown has been dissolved 
in water on a well-plate, add a few drops of O.3 ÄX⁄ sodium hydroxide test reagent. 
Formation ofa precIpitafe 1s a positive test for epson salt, MgSO„-7H;O. 


. HotWater All the water-soluble unknowns except table salt, NaCl, become markedly 
more soluble in warm water. This test, 1s therefore, specific for sodium chloride. Prepare 
a water bath by filling a 250-mL beaker about three-fourths full with water and heating 
on a hot plate to 60°C. Place several pea-sized portions of an unknown In a test tube 
along with 5 mL of water. Heat the test tube in the water bath held at about 60°C. No 
marked improvement In solubility suggests that the unknown 1s sodium chloride. Thịs 
test takes careful observation and lots of patience. 


Rubbing Alcohol se this test on any unknown that 1s soluble in water. Tap a few 
crystals of the unknown Into a well on a well-plate, and then fill the well with 70% 
rubbing alcohol. Only three unknowns dissolve readily: epsom salt, MgSO,,-7H;O; lye, 
NaOH; and borIc acid, H,BO:. 
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TABLET1 Properties of Ten Household Chemicals 


1 2 3 4 5 6 
Solubility Phenol- Sodium 
Chemical in Water lodine pthalein | Vinegar | Hydroxide Water 
[ˆˆ bi lauid tuoi Nha NNjh jà _ 
Washing soda soluble lightpmk | positive negative mncreased | insoluble 
solubilit 
Lye soluble darkpink | negative | negative increased | soluble 
solubil 
Epsom salt soluble negatIve negatve | posifive imncreased | soluble 
solubili 


solubil 
solubilIt 

S——... -BBISSEL—dio..-li—sjB' —”.--4 
solubilit 

—_— -ÝPỰ—BBWNNL-aNlmauli. sửNkimäi. ~‹ 


Name 
® Mystery Powders Report Sheet 


1. Write out your qualitative analysis scheme: 


9 2. Write out your data table: 
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Results 
If different sets ofunknowns were available, specify which set you worked with: 


m.5.—" 1 Washing lo Epson | Baking | Bonc | Table | Table 
Chemical Cornstarch | chalk ofPars | soda Lye | salt soda acid Suøar salt 
FPT si Ô là dc lai Thai 
Number 


Questions 


1. Which of the tests used ¡n this experiment measure physical properties and which 
measure chemical propertles? 


2. How many Individual tests dịd you have to perform to 1dentify all of the unknowns? 
(Review your analysIs scheme or count the total number of wells and test tubes you 
used.) Can you spot any ways to reduce the number of tests In your scheme? Tf so, 
describe the changes you would make. 


3. Is 1f more efficlent to start with tests that split the unknowns into two groups, such as test 
7, or to start w1th tests that are specific for single compounds, such as test 52 


«Ằ› 


17 Hectrochemistry 


Conceptual Chemistru Laboratoru 


Objectives 


se To determine the relative reducing strengths of various metals 
e To practice wrIting oxidation-reduction equations, including ha]f reactions 
e To assernble voltatic cells and predict the direction of electron flow 


Materials Needed 


Equipment Chemicals 

e  steel wool e_ strIps of Aø, Cu, Pb, and Zn metal, 

e® _nine medium test tubes l cm x10 em 

se  wooden test tube rack with space fornine se 0.10 Ä⁄ AgNO;, CuSO,, Pb(NO;);, and 
tubes Zn(NO;), solutions 
four 5-mL graduated cylinders e_ 1.0A/ AgNO;, CuSO,, Pb(NO.,);, and 
two 250-mL beakers Zn(NO;); solutions 


flashlight bu]b attached to circuit board saturated NaC] solution 
two copper wire leads fitted with alligator 
clips 


e  papertowels 


Discussion 


Electrochemistry 1s the study of the relationship between electrical energy and chemical 
change. An electrochemical process can Involve the production of an electric current via an 
oxIdation-reduction reaction. In an oxidation-reduction reaction, one reactant loses electrons 
(oxidaiion) while another reactant gains electrons (ređucfion). Oxidation cannot take place 
without reduction, and reduction cannot take place without oxidation. Because the two 
always occur together, each 1s referred to as a half reaction. For example, solid iron metal, 
Fe, and dissolved nickel ions, NI”, react to form dissolved iron ions, Fe”, and solid nickel 
metal, Ni. The overall reaction and the two haÌf reactions are 


Overall reaction Fe) + Ni”(aq) — N(s) + Fe”(aq) 
Hailf reaction (oxidation) Fe(s) —> Fe”(aq) + 2e 
Half reaction (reduction) N(aqg) + 2e — NI(G) 


A voltaic cell is a reaction vessel designed to provide an electric current from two 
half reactions that take place In separate compartments. Electrons flow through a wire that 
connects the two compartments. To prevent a buildup of charge, 1t is necessary to provide a 
pathway, such as a salt bridge, through which dissolved 1ons can migrate from one compart- 
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ment to the other. To gauge the strength of the electric current, a light bulb can be connected 
to the circuit—-the greater the current, the brighter the bulb glows. 

In this experiment, you will observe several oxidation-reduction reactions. Based on 
your observations, youˆll be able to rank the relative reducing strengths (that is, the abilities 
to act as a reducing agent) of several metals. You can then use these reducing strengths to 
predict the direction of electron flow ¡in several voltaic cells. You will verify your predictions 
by observing the brightness of the light buÏlb connected to the cells. 


Procedure 

Part A _Relative Reducing Strengths 

l. _Obtain three strips each ofcopper, Cu, lead, Pb, and zinc, Zn. 

2. Clean the surface ofeach with steel wool. 

3. Label the test tubes 1 through 9, and arrange in the wooden rack. 
4 


._ Place the following solutions and metal strips 1n the tubes. Observe and record what 
happens In each case. 


IInbe Ì 3 mL of0.10 M CuSo¿ solution and one lead strip 

Tube 2 3 mL of0.10 ÄX⁄ CuSO,solution and one zInc strip 
Tube 3 3 mL of0.10 X⁄ Pb(NO;); solution and one copper sfrIp 
Tube 4 3 mL of0.10 ⁄ Pb(NO;); solution and one zinc sftrip 
Tube 5 3 mL of0.10 ÄX⁄ Zn(NO;), solution and one copper strip 
Tube 6 3 mL of0.10 Ä⁄ Zn(NO;); solution and one lead strip 
Tube 7 3 mL of0.10 Ä⁄ AgNO; solution and one copper strip 
Tube 8 3 mL of0.10 ÄX⁄ AgNO; solution and one lead strip 


Tube 9 3 mL of0.10 M4 AgNO; solution and one zinc strip 


PartB Voltaic Cells 


Your Iinstructor may ask each group to construct one or more voltaic cells similar to the one 
shown In Figure l. The four types of cells you may be building are specified in Table 1. Note 
that, even though the identities of the metals and solutions differ from one cell to the next, 
the basic set up 1s the same for all. Use 250-mL beakers. Roll up the paper towel and soak it 
in saturated sodium chloride solution before putting it in place as the salt bridge. Approxi- 
mately 200 mL of each solution should be used. Be sure that both wires are attached 
securely. In the third column of the table in Part B of the report sheet, predict in which direc- 
tion the electrons flow 1n each cell. 


«Ằ-› 
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FIGURE † 


TABLE T1 Four Voltaïc Cells 


Beaker 1 
A Zn/Ag 1.0 M Zn(NO,), solution, 
zIinc metal silver metal 
copper metal silver metal 
copper metal zinc metal 
1.0 Mí Pb(NO;); solution, 1.0 M Zn(NO;); solution, 
lead metal zinc metal 


Name 
Electrochemistry Report Sheet 


Part A_ Relative Reducing Strengths 


l. _ Record your observations: 


| |Coppermetali | Leadmetal 


x 


Pb(NO;); solution 


Zn(NO,); solution 


Ag(NO;); solution 


2. Write the halfreactions for the reduction of each metal ion: 


mà Half reaction 
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Part B Voltaic Cells 


Which In which 

mefal is the | direcfion 
do 
elecfrons 


Equations 
Oxidation: 


flow? 


Reduction: 


zIinc 
Or 


sllver Overall: 


Oxidation: 


CODper Reduction: 
Or 


sllver Overall: 


Oxidation: 
Reduction: 


Overall: 


Oxidation: 
Reduction: 


L Ì _. 

1. Recall that a reducing agent 1s a substance that ø1ves up one or more electrons to another 
substance, causing that substance to be reduced. The stronger the reducing agent, the 

ØTeater 1ts tendency to g1ve up electrons. Based on your observations in Part A, rank the 


metals copper, lead, zinc, and silver according to their strength as reducing agents, 
weakest first: 


Questions 


weakest strongest 


reducing reducing 
agent < = < agent 
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Name 


2. In Part B, which voltaic cell caused the bulb to glow most brightly? Explain why the 
reactions in this cell cause the brightest glow. 


3. Give two reasons the anode of most household disposable batteries 1s made of zInc rather 
than lead. (Recall that the anode of a battery 1s where oxIdation OcCurs.) 


4. Based on position In the periodic table, which would you expect to be a stronger reducing 
agent: lithium or zInc? 


5... What advantage mipht there be to using lithium rather than zinc as the anode 1n a battery 
designed to run a power-hungry laptop computer? 


18 Organic Molecules 


Conceptual Chemistru Laboratoru 


ObJjectives 


s® _ To practice drawing representations of organic molecules 
e - To distinguish between structural isomers, conformers, and stereoisomers 
s® To become familiar with common functional groups 


Materials Needed 


e®  molecular model kit 


Discussion 


There are a number of ways to draw organic molecules, including full structural formulas, 
condensed formulas, and stick structures. For hexane, C,H;„, these three representations are 


lãi ]õÍ. jR, lái lại løi 


| ị | | | | CH:CH;CH;CH;CH;CH: 
HằH= .=.—(c c6 =(C CC Or ở J@/ Vi 
Full structural formula Condensed formula Stick structure 


The most common way fo categorize organic molecules 1s by the functional øroups 
they contain. A functional group 1s the reactive nonalkane part of a molecule. Organic mole- 
cules containing a hydroxyl group, —OH, for example, are classified as alcohols, and those 
containing an amino group, —NH;, are classified as amines: 


Hydroxyl Amino 
H H H 
EToUp 8Toup 
6 — H=. NT, 
H H lg[... lại 
Ethanol (an aleohol) Ethylamine (an amine) 


There are other relationships between organic molecules that can be helpful in work- 
¡ng with them. In this laboratory exercise, you wIll examine conƒformers (different rotatlons 
of the same molecule), sírwcfural isomers (molecules that have the same molecular formula 
but their atoms connected in different order), and s/ereoisomers (molecules that differ only in 
the three-dimensional arrangement of their atoms and cannot be converted through rotation). 
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Procedure 


Part A_ Writing Full Structural Formulas 


l§ 


Complete Table A on the report sheet. 


PartB Structural Isomers and Conformers 


lo 


Build model B1 


a. Using single bonds only, join four carbon atoms together ¡n the most linear fashion 
possible. (They should form a Z1g-zag.) 

b.. Add as many hydrogen atoms as needed, making sure each carbon atom has a total of 
four bonds. 


Draw the stick structure for this molecule on the report sheet. 


Build model B2. While holding the first two carbon atoms of the molecule you Just built 
in place, rotate the fourth carbon 180? so that it ends up on the other side of the third 
carbon. 


Draw the stick structure for this molecule on the report sheet. 
Compare the two diagrams you have Just drawn and fill in column 2 of Table B. 


Build model B3. Using the four-carbon model already built, remove one hydrogen atom 
from the second carbon. Then pull off the fourth carbon atom and 1ts three hydrogen 
atoms and attach this unit to the second carbon atom. Add a hydrogen atom to the third 
carbon atom so that 1t again has four bonds. 


Draw the stick structure for this molecule on the report sheet. 


Compare this diagram with the two earlier ones and complete column 3 of Table B. 


PartC Structural Isomers and Stereoisomers 


lŠ 


Build model CI 


a.. JoIn two carbon atoms with a double bond. 

b. To the first carbon, attach a chlorine atom pointing up and a hydrogen atom pointing 
down. 

c. Do the same thing on the second carbon. 


Draw the full structural formula for this molecule on the report sheet. 
Build model C2 


a.. Join two carbon atoms with a double bond. 

b. To the first carbon, attach a chlorine atom pointing up and a hydrogen atom poInting 
down. 

c. To the second carbon, attach a chlorine atom pointing down and a hydrogen atom 
pointing up. 


Try to superimpose model CI on model C2. 


10. 


lễ 
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Draw the full structural formula for this molecule on the report sheet and fill in 
column 2 of Table C. 
Build model C3. Using only single bonds, attach four different atoms to a carbon atom. 


Build model C4. Ủsing another set of the five atoms making up model C3, construct the 
mirror Iimage of C3: 


Mirror 


C3 C4 = mirror Image of C3 


Try to superimpose model C3 on model C4, and thenfill in column 3 of Table C. 


Build model C5. Attach two hydrogen atoms, one chlorine atom, and one bromine atom 
to a carbon atom. 


Build model Có. Using another set ofC, H, C], and Br atoms, construct the mirror image 
ỐC: 


Mirror 


(CS C6 = mirror of C5 


Try to superimpose model C5 on model Có, and then fñilÏ in column 4 of Table C. 


Part D Functional Groups—Formula to Model 


Ệ 


z 
3 
4. 
5 


Build model DI to represent the compound CH;CH;CH;OH. 
Draw a stick structure to represent model DI. 

Build model D2 to represent the compound CH;CH;OCH:. 
Draw a stick structure to represent model D2. 


Compare models D1 and D2 and complete Table D on the report sheet. 


Part E Functional Groups —Model to Formula 


Shown ¡in Table E on the report sheet are six molecular models rendered in duplicate so that 
you can view them in three dimensions. To do this, look at each pair of images and then cross 
your eyes so that the two images appear to overlap. Based on what you see, complete the 
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second and third columns of Table E. Because these models are not color-coded, you wIll 
need to deduce the identity of the atoms based on the number of bonds each atom forms. 
Your choIces for the atoms are carbon (four bonds), nitrogen (three bonds), oxygen (two 
bonds), and hydrogen (one bond). Look out for multiple bonds, which are indicated in these 
structures by dark shading. 


Part F.Ð Models of Biological Molecules 


Build a model of either LSD (lysergic acid diethylamide) or morphine. Both molecules are 
shown in FIgure l. 


CHạ I 
CH; 
CH 
>S 3 
N N 
Si H 
CH; NN: 
CH¡ 
N 
| 
H 
LSD Morphine 


FIGURE † 
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Name 
Organic Molecules Report Sheet 


Part A_Writing Full Structural Formulas 


TABLE A 


Condensed Full Structural 
Formula Formula 


CHỈ C HI(CHn,), 


PartB Structural Isomers and Conformers 


Stick structure for model BI: 


Stick structure for model B2: 


Stick structure for model B3: 
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TABLE B 


D77 77 |ModelsBlandB2 Models B1 and B3 


=5... 
formula? 

1x. .--== 
nected In the same order? 

"_-... 
dimensional arrangement of atoms? 


Can the models be converted to one 
another by rotating a bond? 

Do the models represent different 
conformers of the same compound or 
are they structural 1somers? 


PartC Structural Isomers and Stereoisomers 


Full structural formula for model C1: 


Full structural formula for model C2: 


TABLE C 


Models C1 and C2 


Can the models be sư- 
Derimposed? 


Do the models have the 
same molecular formula? 


Are the atoms 1n the two 
models connected In the 
same order? 


Do the models have the 
same three-dimensIonal 
arranzement? 


Can the models be com 
verfed to one another by 
rotating a bond? 


Are the models the same 
compound? 


Are the models structural 
ISOIm€FS, Or are they 
sfereo1somers? 
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Name 


" Part D Functional Groups—Formula to Model 
l. Stick structure for model DI: 


2. Stick structure for model D2: 


TABLE D 


Model D1 and D2 


Do the models have the same molecular formula? 


Are the atoms 1n the two models connected In the 
same order? 


Can the models be converted to one another by ro- 
tating a bond? 


What 1s the relationship between the two models? 
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Part E Functional Groups—Model to Formula 


Chemical Name 0f 
Formula EFuncfional Group 
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Name 


Questions 


1. Based on the work you did m Part B, what feature can be used to distinguish between 
structural Isomers and conformers? 


2. Draw three structural Isomers for each formula: 
C,H1; 


C;Hụ 


3. Based on the work you dịd In Part C, what feature can be used to distinguish between 
structural isomers and stereoisomers? 


4.. Models DI and D2 represent two structural isomers having the chemical formula C.,H;O. 
Draw the full structural formula for a third structural 1somer having this chemlical 
formula. What is the name of the functional group on this 1somer? 


1 9 DNA Capture 


Conceptual Chemistru Laboratoru 


Objective 


e To Isolate DNA from a vegetable or fruit 


Materials Needed 


EquIipment Chemrcals 

e  400-mL beaker e_ distilled water 

e  crushed Ice e®  sodium chloride 

e  250-mL Erlenmeycr flask e®_ sodium bicarbonate 

e balance e®_ additive-free liquid laundry detergent 
e  sharp knie ® 1SOpTODV] alcohol, chilled 

e© blender ® _onions, tomatoes, bananas, or other plant 
e  50-mL beaker samples 

e  sfirringrod 

e  two 20-mL centrifuge tubes 

®© ccntrifuge 

e  50-mL graduated cylinder 

e  ølass Pasteur pIpet 

®  HmICTOSCOD€ 

Discussion 


DNA (deoxyribose nucleic acid) makes up a small portion of the total number of biomolecules 
1n living tissue. Because of the unique propertles of DNA, 1t can be easily isolated from other 
biomolecules In certain types of tissue. The following procedure for 1solating DNA takes adŒ 
vantage of the fact that DNA”S negatively charged phosphate groups allow 1t to dissolve In a 
solution of salt water. When relatively nonpolar 1sopropyl alcohol 1s then added to the solu- 
tion, the DNA comes out of solution as a stringy Øøoop. 


Procedure 


1. Prepare an ice bath by filling the 400-mL beaker about one-fourth full with crushed ice 
and then adding about 200 mL of water. (Tap water w1ll do; the distilled water 1s for later 
in the procedure.) 


2. Inif Erlenmeyer flask, mix 1.5 grams of sodium chloride, 5.0 grams of sodium 
bicarbonate, 5 mL of the laundry detergent, and 120 mL of distilled water. 


3. Chill the solution by placing the flask in the Ice bath. 


4. Obtain a vegetable or fruit from your Instructor. Chop into bite-size pieces, put the pieces 
1n the blender, and blend to a fine mush. 
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TÚI: 


1. 


13. 


14. 


DNA Capture 


Add approximately 10 mL of the mush to the 50-mL beaker. 


Add approximately 20 mL of the ch¡illed salt/detergent solution and stir vigorously for at 
least 2 minufes. 


If you have been given an individual container of1sopropyl alcohol, place the container 
in the 1ce bath at this time. 


Pour half of the mush mixture into one of the centrifuge tubes and the other halfinto the 
other centrifuge tube. 


Centrifuge for about Í minute. If all the solids have not settled to the bottom by this 
time, centrifuge a second time. 


Carefully decant the solution from both tubes Into a clean single 50-mL graduated 
cylinder. The solution should be relatively clear at this point. This solution contains DNA 
from your fruit or vegetable. 


With the Pasteur pipet, slowly and gently add 10 mL of chilled isopropyl aleohol to the 
DNA solution so that the alcohol forms a top layer. This can be done by allowing the 
drops of alcohol to run down the side of the graduated cylinder. 


se the tip of the Pasteur pipet to gently stir the DNA solution just below the alcohol 
layer, gently “lifting” the solution toward the alcohol layer. 


Look for a murkiness, and within that murkiness look for the formation of DNA strands, 
which will adhere to the pipet as they are brought up ¡nto the alcohol layer. (The DNA 1s 
not soluble in the alcohol.) 


sing a pipet, transfer some of the strands to a shallow glass dish. Look at these strands 
under a microscope, preferably a stereoscopic microscope. 


Name 


_ DNA Capture Report Sheet 


l1. Vegetable or fruit used 


2. Describe the appearance of the DNA strands. 


3. Compare the DNA strands you isolated with those from other vegetables and fruits 
1solated by classmates. 


Questions 


l.. What was the purpose of chopping and then blending your fruit or vegetable into a mush? 


2. What was the purpose of adding the salt/detergent solution? 


3. Which nitrogenous base always pairs with thymine? With guanine? 
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4. DNA is apolymer consisting of two strands of nucleotides that coil around each other 1n a 
double helix. Uncoiled, a portion of the DNA may be represented as 


an TYGŒ-A-T-C-G-C-C-A-T-C-G-T-A-... 
„®Ä+C- T-A-G-C-G-G-T-A-G-C-A-T-... 


A fragment of DNA may consIst of onÌy a couple of pairs of nucleotides, such as 


Fragment I Fragment 2 Fragment 3 
A-T OFr CA Or T-A 
T-A G-T A-T 


How many different fragments of DNA containing onÌy two pairs of nucleotides, including 
the three shown above, are possible? To answer this question, you need to know that 
fragments l and 3 shown above count as two different fragments. 


Appendix 


A.7 Significant Figures Are Used To Show Which Numbers Have 
Experimental Meaning 


Two kinds of numbers are used In science—those that are cowwfed or defined and those that 
are measured. There 1s a great difference between a counted or defined number and a meas- 
ured number. The exact value of a counted or defined number can be stated, but the exact 
value of a measured number can never be stated. 

You can count the number of chaIrs In your classroom, the number of fingers on your 
hand, or the number of quarters in your pocket with absolute certainty. Defined numbers, 
which are about exact relationships and are defined as being true, are also known with abso- 
lute certainty. The defined number of centimeters in a meter, the defined number of seconds 
in an hour, and the defined number of sides on a square are examples. 

Every measured number, however, no matter how carefully measured, has some de- 
ØTree Of nceriainty. This uncertainty (or margin of error) in a measurement can be ¡llustrated 
by the two metersticks shown In Figure 1. Both sticks are being used to measure the length of 
a table. Assuming that the zero end of each meterstick has been carefully and accurately 
positioned at the left end of the table, how long 1s the table? 


FIGURE † 


The upper meterstick has a scale marked off 1n centimeter intervals. Using this scale, 
you can say with certainty that the length 1s between 5[ and 52 centimeters. You can say 
further that 1t is closer to 5Í centimeters than to 52 centinefters; you can even estimate 1t to be 
51.2 centimeters. 

The scale on the lower meterstick has more subdivisions—and therefore gøreater pre- 
cision——because 1t is marked offin millimeters. With this scale, you can say that the length 1s 
definitely between 51.2 and ŠI.3 centimeters, and you can estimate 1t to be 51.25 centime- 
t€TS. 

Note how both readings contain some digits that are &own plus one digit (the last 
one) that 1s es/ữnafed. Note also that the uncertainty in the reading from the lower meterstick 
1s less than the uncertainty In the reading from the upper meterstick. The lower meterstick 
can give a reading to the hundredths place, but the upper one can give a reading only to the 
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tenths place. The lower one ¡s more ørecise than the upper one. So, in any measured number, 
the digits tell us the magniude of the measurement and the location of the decimal pomt tells 
us the precision of the measurement. (Figure 2 illustrates the distinction between ør€cision 
and accuraey.) 


Good precision but Poor precision and Good precision and 
pOOr accuracy pOOr accuracy øood accuracy 
FIGURE 2 


Sipnificant figures are the digifs in any measurement that are known with certainty 
plus one final digit that 1s estimated and hence uncertain. These are the digits that reflect the 
precision of the instrument used to generate the number. They are the digits that have ex- 
perimental meanIng. The measurement Šl.2 centineters made with the upper mefterstick In 
Figure l, for example, has three significant figures, and the measurement 51.25 centimeters 
made with the lower meterstick has four sigmificant figures. The rIghtmost digit 1s always an 
estimated digtIt, and only one estimated digit 1s ever recorded for a measurement. It would be 
Incorrect to report 51.253 centimeters as the length measured with the lower meterstick. This 
five-sigmficant-figure value has two estimated digits (the final Š and 3) and 1s incorrect be- 
cause 1t Indicates a precision greater than the meterstick can obtain. 

Here are some standard rules for wrIting and using significant figures. 


Rule 1 
In numbers that do not contain zeros, all the digits are significant: 
4.1327 five sigmificant figures 
5.14 three sigmificant figures 
369 three significant figures 
Rule 2 
All zeros between sigmificant dig1ts are significant: 
8.052 four sIgnificant figures 
7059 four significant figures 


306 three sigmificant figures 
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Rule 3 


Zeros to the left of the first nonzero digit serve only to fix the position of the decimal point 
and are not sigmificant: 


0.0068 two significant figures 
0.0427 three sigmificant figures 
0.0003506 four significant Íigures 


Rule 4 


In a number that contains digits to the right of the decimal point, zeros to the ripht of the last 
nonzero đigit are sigmificant: 


3U three sipmificant fipures 

53.00 four sipnificant figures 

0.00200 three significant fipgures 

0.70050 five significant figures 
Rule 5 


In a number that has no decimal point and that ends in one or more zeros, the zeros that end 
the number are not significant: 


3600 two significant figures 

290 two sIignificant figures 

5,000,000 one sigmificant figure 

10 one significant figure 

6050 three sigmificant figures 
Rule 6 


When a number 1s expressed 1n sclentific notation, all digits in the coefficient are taken to be 
sipmificant: 

46x10” two sipnificant figures 

4.60 x 10 ` three significant figures 

4.600 x 10” foursignificant figures 

23854 TP one signi ficant figures 

3.0x 10” two significant fñgures 

4.00 x 10Ì three significant figures 


A.2 There Are Rules for Rounding Off Significant Figures 


Calculators often display eight or more digits. How do you round off such a display to, say, 
three significant figures? Three rules govern the process of deleting unwanted (nonsignIfi- 
cant) digits from a calculator number. 
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Rule 1 


If the first digit to the right of the last significant figure ¡s less than 5, that digit and all the 
đigits that follow 1t are dropped: 


51.234 51.2 rounded offto three sigmificant Íigures 


Rule 2 


If the first digit to the right of the last significant figure ¡s greater than 5 or If¡t is 5 followed 
by something other than zero, that digit and all the digits that follow it are dropped and the 
last retained digit 1s Increased by Ì: 


5.25 51.4 rounded off to three sigmficant figures 
3.9 51.4 rounded off to three sigmificant figures 
31. 51.4 rounded off to three sigmificant Ífigures 


Rule 3 


Tf the first digit to the right of the last significant figure 1s 5 not followed by any other digIt or 
1f it 1s 5 followed only by zeros, an odd-even rule 1s applied If the last retained digIt 1s even, 
is value is not changed and the 5 and any zeros that follow are dropped. If the last retained 
digit 1s odd, its value 1s Increased by I. The intention of this odd-even rule 1s to average the 
effects of rounding off: 


74.85 74.8 rounded off to three significant figures 
74.75 74.8 rounded off to three significant figures 
74.2500 74.2 rounded off to three sigmificant figures 
89.3500 89.4 rounded off to three sigmifIcant figures 


A.3 Significant Figures Must Be Maintained Throughout a Calculation 


Suppose you measure the mass of a small wooden block to be 2 grams and then fnd that its 
volume Is 3 cubic centimeters by dipping 1t beneath the surface of water In a praduated cyÌim 
der. The density of the wood 1s the mass of the block divided by its volume. If you divide 2 
by 3 on your calculator, the reading on the display 1s 0.6666666. However, it would be incor- 
rect to report the density as 0.6666666 gram per cubic centimeter because to do so would be 
claiming a higher degree of precision than is warranted. Your answer should be rounded off 
to a sensible number of significant figures. 

The number of sigmificant figures allowable in a calculated result depends on the 
number of significant figures in the measured data and on the type of mathematical opera- 
tion(s) used in calculating. There 1s one set of rules for multiplication and đivision and am 
other set for additlon and subtraction. 


Multiplication and Division 


The answer to a multiplication or division calculation must have the number of significant 
figures found ¡n the multiplied or divided number that has the fewest significant figures. For 
our density example, the density value must be rounded off to one significant figure, 0.7 
gram per cubic centimeter. If the mass were measured to be 2.0 grams, but the volume were 
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still taken to be 3 cubic centimeters, the answer must still be rounded off to 0.7 gram per 
cubic centimeter. If the mass were measured to be 2.0 grams and the volume 3.0 or 3.00 
cubic centimeters, the answer must be rounded off to two significant figures: 0.67 gram 
per cubic centimeter. 

As you study the following examples, assume that the numbers being multiplied or 
đivided are measured numbers. 


Example A 
§.536 x 0.47 = 4.01192 (calculator answer) 


The Input having the fewest significant figures 1s 0.47, which has two sigmificant 
figures. Therefore the calculator answer must be rounded off to 4.0. 


Example B 
3840 + 285.3 = 13.459516 (calculator answer) 


The Iinput having the fewest significant figures 1s 3840, which has three significant 
figures. Therefore the calculator answer must be rounded offto 13.5. 


Example C 
36.00 + 3.000 = 12 (calculator answer) 
Both inputs contain four significant figures. Therefore the correct answer must also 


contain four sigmificant figures, and the calculator answer must be wriften as 12.00. In 
this case, the calculator øave too few sigmificant figures. 


Addition and Subtraction 


The answer to an addition or subtraction should not have any digIts beyond the last digit po- 
sition common to all the numbers being added or subtracted. 


Example A 
34.6 
18.8 
ca \: SP 
68.4 (calculator answer) 


The last digit position common to all numbers 1s the tens place. Therefore the 
calculator answer must be rounded off to 68. 
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Fxample B 
20.02 
20.002 
+20.0002 
60.0222 (calculator answer) 


The last digit position common to all numbers ¡s the hundredths place. Therefore the 
calculator answer must be rounded off to 60.02. 


FExample C 
345.56 
-245.5 
100.06 (calculator answer) 


The last digIt position common to both numbers 1s the tenths place. Therefore the 
calculator answer must be rounded off to 100.1. 
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